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fly^wl Mipwis^ smI Ihm hq^ nJa^ie patpoMa to wkkA it 
^ iflK I, Mk* ft fwtinfarijr derinUe thst tke atoaat ef 
pWf lyfcy Awdd lisve Um lamki cf -**-'-'-g. in a 
friVB, • kncrwlMlfp of die [w opeaa rf ekctrie 
dky, Mid <if oompRJiieiMliag ita wied 
jfeiaMMBM awl ■{■plkatii'.nu. In thiji HAnnd of Electriotr it 
lUm, tbiwItJni, l#«ii tlie suUioi'ii oliject to set forth cleaily, ytH 
mmh'U- *^ fnmuaeul [lomtii iii the liiBtory of ^e adeDoe, 
imi tv nrftiM uul «x[iUtiii IIkmw actions of this peculiar time 
*%iA iudtoitn it* i^iociiU attrilmtea, uad give interest t 

■«* 

In sUfimjfting to oompriM all that is imjmrtant to be known 
ef Uhi liintfiy , thtT phenoineiui, anil the applications of electrid^ 
wilfafn B ringlv volume, ihei-e is couiriJerable risk of producing a 
man dirono logical nieoi-il, and mi explanatory catalogue, rather ' 
Umui »n iiitcieKtiiig treuLimi. When, indeed, it i 
HM PrUwtley'* Hutori/ iif Ekalrieiti/ occupies a thick quarto 
wlnnU) — Ihiiugli written before the moat important a 
•Icctrio fiirtM! Imd been revealed by Gitlvani and Volta, by 
QErttcfl, Hei'brek, Fnrwlfty, and Annatrong — it might be snp- 
pOHd thut a liUtory which includea those discoveries, and is . 
Omtlttnad iu littlo more than fifty pages, must be only a barren 
lltttcll. To dTord gpaflo for cii-cumstantinl illiiati-atioa ai«l 
tory roimu-ka, littontion Yum \ieeu coTic«n.\,TO.\«i « 



Yi PREFACE. 

tliat the historical notice of the advancement of electric science 
will be found interesting as well as instructive. 

As a mere statement of effects would have proved unsatis- 
factory without an explanation of the causes that produce them, 
such explanations have been given as appeared to the author to 
afford the clearest insight into the nature of electrical action. 
The FrankHnian theory of the excitement of Motional electricity 
has been generally adopted, because it is the most simple, and 
voltaic action has been attributed to chemical agency; but theo- 
retical discussions have been avoided as much as possible, lest 
they might tend to obscure rather than to throw light on the 
causes of electrical phenomena. In some few instances views 
have been taken of the action of electric force different from 
those commonly entertained j but in such cases the reasons for 
the departure from received opinions have been fully stated. 

The author is not aware that the many varied inventions for 
the application of electric power to the uses of man have been 
previously described collectively. In noticing them, prominence 
has been given to those objects that are of the greatest impor- 
tance; it having been considered sufficient in appliances of less 
consequence merely to indicate the mode of operation, and to 
explain the principles of their action. 

By dividing the consideration of electric science into its 
history, phenomena, and applications, some repetitions have 
almost imavoidably occurred, in order to make each part com- 
plete in itself. It is conceived, however, that the advantages 
attending such an arrangement, by affording a clearer concep- 
tion of each branch of the subject, more than counterbalance the 
inconvenience of occasionally going, for a short distance, over 
the same ground. 



Havehstocv: Terbacb, Hamfstead, 
December^ 1856. 
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HISTORY OF ELECTRICITY. 



CHAl'TER L 

.... liliuns bi bnown d.. 

„ gf early elfclrioiiins — Invention of the olootricil niMhint-3 

DtlMVar of elective Itcbt mi ippnlslnit— Iilentitf of Electricltf nud liglitningj 

imjliiilliiil TlliiliiiiliiiiiTil conducliiiK ondnoii-oonduolinji liiHlieB diiicovni-n 

~^n» two kinds of cltetHcily discorercd by Du Faj^Sparks from [bv huioanfl 
btdy— IrnpravecnenU in clectricol msiihineB — Igniting foner ot llie clecbii) J 

dCMViptioni of its eSicti— EleFtrical batlet^ea— Danf^iTuuii ibocks given nill 
ibna — Condncting poner of the mrtii aBcertiined — Dr. Franklin't tbeory i> 



E requires no deep rcBeareli in the pagca of antiquity to 
the rise and progress of the science of electricity. It 
)ra&g into being in comparatiTely recent times ; and after the 
"Tt halting-stages of ita existence were Burmoiin ted, it ailvaneed 
m iufency to manhood with the rapidity of its own liglitning 
*k ; and though not yet arrived nt maturity, it has attained 
degree of importance not surijassed by auy of the physical 



Some of the ordinary phenoniena of electricity, indeed, at- 

Brcted obseryation from the earliest periods. Not to mention 

glitning and its accomjianying thunder, the excitement of 

" :s ty the rubbing of fiire must have been noticed, and won- 

l a£, by the nomad tribes who first inhabited the earth. 

e earliest recorded observation of electrical phenomena, how- 

jr, occura 600 years before the Christian era. About that 

ime, it is stated that Thaiea, of Miletus, one of the seven sages 

f Greece, romfuked that amber, when rubbed, attracted light 

odiea to its surface. This seems to have been the extent of 

is observation ; hut the fact afforded ample matter for sjmcu- 

ition. He conceived that amber must possess some inherent 

firing principle, called into action by friction, and that whea 

ttuB excited it emitted an invisible effluvium, -which was con- 

etantily returning to the animated amber, and bringing back 

with it those substances that were not too bestv^ 'to tcbi:*. '^* 
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2 HISTOBT OF ELECTRICITY. 

The next recorded notice of electrical attraction is by Theo- 
phrastus, 300 years afterwards, who remarked that the crystal 
called by him lyncuriumy supposed to be tourmalin, attracted 
light bodies to its surface. 

The shock given by the torpedo is mentioned by Pliny ; but 
that phenomenon was not, until the middle of the last century, 
imagined to have any connection with the attractive properties 
of amber and tourmalin. Some very remarkable facts are also 
mentioned by Eustathius, who lived in the fifth century of the 
Christian era. He states that a freedman of Tiberius was cured 
of the gout by the shock of the torpedo. This is the first 
recorded instance of the application of electricity to medical 
purposes, and, if authentic, electricity was much more efficacious 
in those days than in its application as a curative in modem 
times. Eustathius further relates, that Wolimer, king of the 
Goths, was able to emit sparks from his body ; and that a cer^ 
tain philosopher, whilst dressing and undressing, emitted fiaahes 
of light. 

There is a void of nearly 1,200 years ere we find any other 
distinct notice of electrical phenomena. The subject must, 
however, during that period, have attracted attention ; for at 
the beginning of the seventeenth century, a book by Dr. Gilbert 
was published, entitled De Magnete, in which many other sub- 
stances besides amber and tourmalin are mentioned as having 
the property of attracting light bodies when rubbed. As amber 
was the substance first noticed to possess that property, its 
Greek term electron had precedence in giving a name to the 
infant science of electricity. 

When we consider that previously to the announcement 
of Dr. Gilbert's discoveries, the only known electrics were amber, 
tourmalin, and jet, the accessions he made to the number must 
be regarded as an important step in the progress of electricity. 
He added at least twenty to the list of electrics, including most 
of the precious stones, glass, sulphur, sealing-wax, and rosin; 
and he determined that those substances, when rubbed under 
favoui-able circumstances, attract not only light floating bodies, 
but all solid matters whatever, including metals, water, and oiL 
He observed also that the conditions most favourable to the ex- 
citement of the attractive power are, a dry state of the atmo- 
sphere, and a brisk and light friction ; whilst moist air and a 
southerly wind he found to be most prejudicial to the produc- 
tion of electrical effects. 

The deductions of Dr. Gilbert from his experiments were in 

many instances curiously fallacious. In pointing out, for in- 

stance, the distinction between magnetic and pi«*^.ric attraction, 



d Aftt nagnMs and iron uiutitally a,ttracted each ' 

lut tliat whf^D an electric was excited, it alone exerted attracitiva 

'er, tile subat-anrea attracted being inactive. He uoticed, 

', as a special diatdnctioa between uu^nettsm and electricity, 

i tlie former repelled as well as attracted] whilst tbe latter 

Inlj attracted. 

After the discoveries and investigations of tliis father of 
'sotrio science, there waa a lapae of about sixty years with 
uroely nay progress, Mr. Boyle in the nest peraon whose 
avesdgatiouN are worth mention. Tliough he repeaW and 
onfirmed former experiments, and devoted much Ume to the 
ubject, be did little more than add some few to the number of 
lectricH. This philosopher has, Indeed, the reputation of being 
e first who perceived light issuing fi-om an excited electric, 
A hia notice of it was no indistinct thut he cun scarcely be said 
be the discoverer of the luminouB property of electricity. 

Mr. Boyle's theory of electrical att:'action was similar to that 
f ThaJes. He, as well as the Greek aage, conceived that the 
ccited electric emitted a glutinous effluvium which laid hold of 
n&U bodies in Its progress, and on returning, carried them with 
» This theory was advocated by oth^* electricians at the time, 
Sdezperim^itswere made, and are recorded in the PMosopJikal 
which were considered to prove the emission of 
hiiaaous particles Irom excited electiics. 
The most important advances in the science at that period, 
) mode by Otto Guerioke, burgomaster of Magdeburg, the 
tventor of the air-pump, who invented also the first electrical 



The appai^tus with which electricians had expci'inieated till 
*■ the end of the seventecntli centiuy was of Wie moat atniple 
d. A rod or flat surface of glass, roain, or sulphur, nibbed 
li the hand or with a piece of woolleu, was their best means 
jxciting electricity. It may therefore be supposed that the 
WmtJty at any time under observation was very small. Otto 
lueric^e constructed an apparatus by which the quantity of 
city excited was greatly augmented. It consisted of a. 
slpfaur globe, whirled round on an axis, whilst he held his 
lad. to it to serve as a rubber. Sulphur, it may be remarked, 
aa B iavourite electric with early experimenters, as it was 
that electricity was emitted with the sulphurous 
ffluvium produced by the friction. In the ewnstructiou of M. 
'" i Gucricke's electrical machine, for example, he oast tha 
fttdlihur in a glass globe, and then broke the glatw in order 
o expose the sulphur to the action of the rubber. "W\.ya. yma 
> «> it m^ Otto Guericke exci.te6> sbd^ igKeKKC. 
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4: HISTOBY OP ELECTRICITT. 

quantities of electricity than liad previously been produced; 
and he was thus enabled not only to see flashes of light, but to 
hear the snapping noise of the electric spark. 

It may seem extraordinary that the most commonly observed 
phenomenon of electricity had not been before noticed as a pro- 
perty pertaining to electrical bodies. It should be borne in 
mind, however, that furs and silks, from the friction of which 
sparks are so frequently emitted, had not been classed as 
electrics, and the only property of electricity then known was 
that of attraction. It was not likely, therefore, until the two 
phenomena of attraction and the emission of light were observed 
combined in the same substance, that the excitement of sparks 
by friction should be considered due to electricity. 

To Otto Guericke must also be conceded the honour of having 
discovered the property of electric repulsion. He ascertained 
that a feather, when attracted to an excited electric, after 
adhering to it for a short time, is repelled from the surface, and 
that it will not again approach until it has touched some other 
body to which it can part with the electricity it contains. He 
observed, also, that a feather when thus repelled by an excited 
electric, always keeps the same side presented towards it. The 
correspondence between this fact and the position of the moon 
towards the earth, induced some speculative philosophers to 
assume that the revolution of the moon round the earth might 
be caused by electrical attraction and repulsion. 

The discoveries of Sir Isaac Newton, shortly afterwards, dis- 
pelled this notion, and so far engaged the attention of scientific 
inquirers, that electricity for a time remained in abeyance; 
Newton had, indeed, paid a passing attention to electrical phe- 
nomena, but the only addition made by him to the facts before 
collected was, that electric attraction and repulsion penetrate 
through glass. He made known, for instance, that when a 
plate of glass is excited on one side, the other side also becomes 
electrical. 

About the same time that Otto Guericke obtained decisive 
evidence of the luminous properties of electricity, the fact was 
made more strikingly manifest by Dr. Wall, who operated with a 
stick of amber of large dimensions. He used a piece of woollen 
cloth for a rubber, and appears to have been remarkably success- 
ful in eliciting by that means a greater amount of electricity 
than had been excited even with the sulphur globe of Otto 
Guericke. 

The first idea of resemblance between electrical phenomena 

and thunder and lightning was suggested to Dr. "Wall by the 

apparently remote aiialogy of the crackling' sminds and sparks 



■Wfttcfl ty that largo sticl: of aiulwr. The oWrvatiou ilesci-ve* U^i 
til! rocordeil in his own words ; " From the fric^on of thi? luiiber I 
a prodigious nuiuber of littlo cracklings were heard, aud uvery I 
oiie of Uiese produced a littlp flash of light. Aud what to mo ia I 
TBiy surpriaiug, upon its eruption it atriiea the linger very sen- I 
tibly, wbereBot^vi^r appHi^d, with a. push or a jiuff like wind. I 
(i^The crackling is full as loud aa charcoal on Are ; aud five or six I 
lings or nioru, according to tlie quiclcness of placing t!iu 1 
r, have been produced from one single friction, light always 1 
wceeiiing each of them. This ligld and crackUng seen in soiiut J 
Mr« to repre*ent thunder and Ughlnivg." I 

Little further progress was made for nearly forty years. I 
wing that interval, the accumulation of facts and imjtfove- I 
»its in the apparatus was alow and insignificant. As yet, ex- I 
erimenters tutd worked without any system, and without in tho ■ 
at comprehending tho principleB on which tho oftects tJiey 
idaoed depended. It waa not until IT29 — nearly 130 years 
er the tintt book on the science had been pnblialied — tliat the 
istJnction between conductors and non-conductors of electricity 
13 discovered. This important fact wan aecideutally aiccr- 
ined by Mr, Stephen Grey, whilst attempting to communicate 
llectrjcity to a cord suspended by thraula. TTia fiiBt cicpori- 
imtB were unsucceisful because he suspended the cord by 
g that conducted the electricity from the cord neai'ly aa 
uickly as it entered. It waa then suggested by Mr. Wheeler, 
4o aasiBted at the experiment, that Uie cause of the escape of 
be electricity was the thickness of the packthread employed, 
ud lie recommended that silken threads should be tried, because, 
(dog jnoch tluuner, it was supposed the electric fluid would not 
i able to flow through it so readily. 1 Accordingly the eilk 

i was tried, aud with great success.' 
So little were the experimenters aware that the difference in 
W effeete was caused by the different conducting properties of 
e substances employed, aud so impressed were they with the 
t that success with tlie silk suapenders was entii-ely owing 
t tlteir superior fineness, that they endeavoured to obtain still 
' Br reeultfl by suspending the cord on very fine ictVm. The 
I &iIorc of the esperiment in thht case induced them at y 
sogth to consider that there mu^ be a difference in the conduct- J 
ig properties of the snbstanccs employed. 

l%c attention of electricians having be^ thus directed to tliia ] 
irtffect, light was gradoally, and still focbly, tli 
18 of success and failnre in their eicpcrimen to u 
if conducting a 
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bodies known as electrics, were bad conductors of electricity, 
and that those in which electricity could not be excited were 
conductors. In the conducting and non-conducting properties 
of these substances great differences were soon detected ; glass and 
rosin being the worst conductors, and metals the best. 

Nearly contemporaneously with the discovery of the different 
conducting properties of electrics and non-electrics was the 
announcement that M. Du Fay, intendent of the French king's 
gardens, had detected the existence of two distinct kinds of 
electricity. This, like all the other discoveries hitherto made, 
originate from accidental circumstances. A piece of gold leaf 
having been repelled from an excited glass rod, M. Du Fay 
pursued it with an excited rod of sealing waXy expecting that the 
gold leaf would be equally repelled by that electoic. His 
astonishment was great on seeing the gold leaf attracted to the 
wax. On repeating the experiment he found the same result 
invariably to follow : the gold leaf when repelled from glass was 
attracted by rosin; and when repelled from the latter was 
attracted by glass. Hence M. Du Fay assimied that the elec- 
tricity excited by the two substances was of different kinds; 
and as one was produced from glass, the other from rosin, 
he distinguished them by the names vitreous and resinous elec- 
tricity. 

It is a curious fact that M. Du Fay, the discoverer of this im- 
portant property of electricity, afterwards repudiated his own 
discovery. Subsequent experiments and consideration induced 
him to depart from the truth he had developed, and to imagine 
that the effects observed arose entirely from difference in the 
degrees of force exerted by different electrics ; the more powei^ 
ful attraction of the one overcoming the feeble repulsion of the 
other. It is difficult to conceive how he coxdd have thus retro- 
graded from the position he had established. For supposing the 
gold leaf when repelled from the excited glass to have been 
attracted to the rosin by superior electrical force, this superiority 
of force could not have afterwards yielded to the weaker attrac- 
tion of the glass ; yet the mutual interchange of attractive and 
repellent power must have been frequently noticed. Other in- 
vestigators, however, confirmed the fact M. Du Fay had dis- 
covered and thus singularly renounced ; and the original terms 
"vitreous" and "resinous" electricity continue to be retained 
by a majority of electricians. 

One of the experiments devised about this period, which 

excited great astonishment, and tended materially to direct the 

attention of philosophic inquirers to the subject of electricity, was 

the development of sparks from the bmnaxL ' "i. Qixe^ 



li: HUMAN BODY. 

Jiaviiig siiajienilcd a boy with hair liuea, and commumcated d 
iriiuty to him by means of an excited gloM tube, spnrlfs wen ] 
then drawn from all parts of the boy's body. This pheuc,nieni 
•—depending idiiaply on the fact that the bodies of auiniula a 
Dndnotore of e]uctricity in consequenci! of the fluids tliey cos 
lin — Taa conceived to be owing, in some myetetiotiB manner, lo I 
oMuiCction betwden tfae electric effluvium, us it waa called, and 1 
lie yitAl principle. M. Da Pay suspended himself in a aimilaf 
UUUter for the piirpose of experiencing the aensation, and when 
M more convenient mode of insuliitiou by ataading eu a cake 
Trofflii, or on a glass stool, was introduced, the experiment be- 
uoe the most popular in the range of electrical phenomena. , _ 

About the middle of the eighteenth century, the investigation *" 
if titese phenomena was undeitaken by several scientilic i 



pirere in Germany. IL Boze, Professor of Philosophy at 
n^ttembui^ made considerable improvement in the mode of 
ixmting electricity, by the addition of metal conductors to the re- 
rolring glass globes of bis machines. In tlie first instance his 
Xmductor was held by a man, insulated by standing on a cake 
if rosin. He shortly afterwards adopted the more convenient 
oethod of supporting the conductor by means of silk cords ; and 
O &(nlita,te tiiH pafBOge of the electricity &om the excited globe, 
3 added a number of linen strings to the conductor, wliicli 
irved the purpose, though veiy iinj>erfeetiy, of the metal points 
ubsequBntly used. M. Boze and other experimenters adopted 
' s plan of increasing the quantity of electricity excited, by 
'ng several gjpbea into action at the same time, and ool- 
g tJie products of the globes in one conductor. With these 
s they are stated to have produced effects which seem 
dible with such imperfect apparatus, and the accounts given 
f tiie results must be greatly exaggerated. It is stated, for 
, that by sparks from these electrical machines blood 
IS diavm from, the finger j that they produced a sensible shock 
tending frum the head to the feet ; and that they were sufG- 
mtiy powerful to kill small birds. Even with the improved 
lectri-cal machines of the present day, with the addition of 
I points and amalgamated rubbers, at that time unknown. 
Jig approaching these effecte can be produced. 
Of the exiierimente perfonned by the continental pbilosophera 
k thia periwl, none exdted ao much general interest as the set- 
; an fire of inflammable substances. This was first accom- 
I by Dr. Ludolpfa of Berlin ; and the experiment was 
uckly repeated and improved on in different parts of Europe. 
%e inflammation of spirits of wine, and of pbu«^Axatw&,\Tj v 
t the finger of a pcraan. 'Tr^mA^Vn^ 
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8 HISTORY OP ELECTRICITY. 

standing on rosin, was considered so extraordinary, that it not 
only called the attention of men of science to this branch 
of natui-al philosophy, but the exhibition of this, and of other 
electrical wonders became a very popular public entertainment. 

Quickly following the development of the igniting powers of 
the electric spark was the discovery of the Leyden phial, the 
most astonishing of any of the electrical phenomena then made 
known, and which opened an entirely new field for scientific in- 
vestigation. 

For the honour of being the original discoverer of the Ley- 
den phial there were several claimants, as is generally the case 
with important discoveries and inventions. It is commonly 
attributed to M. Cuneus of Leyden, at the beginning of the year 
1746. Like all the antecedent discoveries, that of the Leyden 
jar was the effect of accident — so far, at least, as M. Cuneus was 
concerned. It occurred to him whilst repeating a well-devised 
experiment of Professor Muschenbrceck for collecting and con- 
fining the " electric effluvium." The professor conceived, if he 
could impart electricity to a conducting substance entirely sur- 
rounded by non-conductors, that it would be thereby prevented 
from being dissipated, and the force might be concentrated. 
The most convenient form of trying the experiment appeared to 
be to electrify water contained in a glass bottle, connection with 
the conductor of the machine being established by an iron nail 
passing through the cork into the water. The experiment, 
liowever, was not attended with any apparent results to Pro- 
fessor Muschenbrceck. The object he conteny;)lated was, indeed, 
partly accomplished, but the accumulation of electricity in the 
phial was not manifested, owing to the want of a conducting 
surface on the outside by which it could be concentrated. M. 
Cuneus, in repeating the experiment, happened to grasp the 
bottle with his hand, which thus served for the requisite con- 
ducting surface outside the glass, and when with the other hand 
he endeavoured to disengage the nail from the conductor of the 
machine, he was startled by receiving a smart shock through 
his arms. Professor Muschenbrceck renewed the experiment, 
with the advantage of the experience of M. Cuneus, and with 
equal success. In these experiments with the Leyden phial, and 
for a considerable time afterwards, the bottle was always grasped 
by the hand, the cause of its producing the effect not being un- 
derstood. 

Though M. Cuneus acquired the reputation of being the dis- 
coverer of the Leyden phial, the claim of M. Von Kleist, dean of 
the Cathedral of Camin, to be the first discoverer, rests on strong 
ground. It 13 stated that he sent an account of the discovery 



14t. Ze^rira^B of Bttrim, on tli» fourth Sowmfcer, 1T41 
FUa accotmt, communicMitei] to t})e Academy nt Berlin, anil r 
' amoug their [iroceudings, is to the following efiect : ■'""' 
picc« ii thick brass wire is put into a 



nail c 



a small a_ 

s jihial and electri£etl, I'emarkiible eficL-ts follow ; but thtt ] 
ibial mnst be very dry or warm. I commonly mb it o' 
^^ ' ' *ith a finger on which I put some pounded chiilfe, I 
f ft little mercury, or a few drops of Hpirit of wine be put into J 
\ the experiment succeeds the better. As soon as tlus phial I 
oA nail are removed from, the electrifying glass, or the printel 
looductor to which it has been exposed is taken away, it throwa 4 
*rt a pencil of flame so strong, that with this burning inatni- ' 
/ bond I have taken above sixty steps in walking. 1 
^bout my room. When it is electrified strongly, I con take it j 
Dto another room, and there fire spirits of wine with it 
riiilst it is electrifying, I put my fiuger, or a pieo! of gold 1 
irhicli I hold in my liund, to the noil, I receive a shock wliich ■ 
i and shoulders. A tin tube, or a man, placed I 
, is electrified much more strongly by this means 1 
a in the common way. "When I present this phial and nail 1 
l-ft tin. tube which I have, fifteen feet long, nothing but ex->| 
aience can make a pei-aon believe bow strongly it is electrified. 1 
WO thin glasses h^ve been broken by the shock. It appears j 
I ne very estraordinary that wben tbis pbiol and nail are in I 
ntact witb either conducting or non-conducting matter, the 1 
nog shock docs not follow. I have cemented it to wood, 1 
kee, sealing-wax, metal, &c., which I have electrified without 1 
f great effect. The human body, therefore, must contribute I 
^ng to it. This opinion is confirmed by observing ttiat I 
s I hold the phial in my hand, I cannot lire spirits of wine | 
it" 

"The foregoing account of M. Ton Kleist's exjieriments clearly 1 
"Wdtiiat be had stumbled on the same discovery as M. Cuneus; I 
I the date is previous to the experiment of the latter. 
Mars, however, that the dean was not aware of the full i 

e of grasping the bottle w4th his hand, and his dencrip- I 
ioa of the experiments was so vague, tliat several philosophers 1 
1 'tritom he communicated the discovery were unsuccessful ia | 
beir attempts to repeat them. 
. The physiological efiects of the Leyden phial were those tliat I 
laturally excited most attention in the fimt instance. The | 
Boiinta given by some of the early experimenters of the w 
m of the electric sliock exhibit curious illuKtintiotis of 
Ugguation caused by the terror of tliis nove\ ugila.'vlww ( 
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merited with could have produced only very feeble shocks, yet 
the effects are represented to have been little less than those 
of a flash of lightning. These exaggerations are the more re- 
markable, when it is borne in mind that they proceeded from 
eminent philosophers accustomed calmly to investigate physical 
phenomena. M. Muschenbroeck, for example, says in a letter 
to M. Reaimiur, that he felt himself struck in his arms, 
shoulders, and breast, so that he lost his breath, and was two 
days before he recovered from the effects of the blow and the 
terror. He adds, that he " would not take another shock for 
the whole kingdom of France." 

M. Allamand, a fellow-professor with M. Muschenbroeck, and 
who assisted in the experiments which led to the discovery, 
stated that he lost his breath for some moments after taking the 
first shock ; and that he felt so intense a pain along his right 
arm, that he apprehended serious consequences from it. Another 
distinguished electrician. Professor Winckler of Leipsic, said 
that the first time he tried the experiment his body was greatly 
convulsed, and that it put his blood into such violent agitation 
that he was apprehensive of an ardent fever, and was obliged to 
take refrigerating medicines. He also felt great heaviness in 
his head, as if a stone were laid upon it. On two other occasions 
he said the shock made his nose bleed, to which he had not been 
previously disposed. 

The astonishing effects of the electric shock were calculated 
to draw public attention to the subject of electricity more than 
any previous discovery. Every one was anxious to see the 
effects and to experience the new sensation, notwithstanding 
the tenible accounts given of it. Travelling showmen with 
their Leyden phials and electrical machines were to be seen in 
all parts of Europe, who found profitable employment in exhi- 
biting that and other striking electrical phenomena. Nor were 
philosophers idle in the new field of inquiry which this dis- 
covery opened to their investigation. The properties of the 
Leyden phial were closely examined ; the conditions requisite 
to the development of the phenomena were better understood ; 
and many ingenious, though fallacious, theories were devised for 
their explanation. The construction of the apparatus was im- 
proved by the addition of an outside metallic coating, and jars 
were substituted for bottles, by which means a metallic lining 
could be applied also to the inside of the glass. 

Many interesting experiments were made that exemplified still 

more strongly the powerful action of electricity, and the rapidity 

of its transmission. The shock was communicated at the same 

instant through 180 of the French guards, in the presence of the 



Cihg of France, ty joiutng their liaiiils in a connected clmin j1 
the solflier at one eml touching the outaide of the jur, aud the i 
man at thp other end touching the wire couuectMl with th« 
tusidc coating. I 

By combining scvoral jars together to fonn an plwArical Imt-^ 
tery, the force was greatly accumulated. By tliat means all 
Muds of iufloinmable Bnhsbwces were net on tire, &ar witea and 
d leaf were deflagrated, and gmnjl animals were lulled by the 
electric Khock. 

Tbmtgh the feeble shockM of the small phials employed iii tlio 
early stages of the discoyery created such an exaggefeted state of 
Dei*vous apprehension, and produced, as we are told, such dis- 
"^"ssing effects, yet s few yeare afterwards we find electriciana 
eiving shocks of really formidable power with remarkable 
idsm, and giving similar charges to others, in a manner that 
Would now be considered liighly ilangerous. Dr. Franklin, for 
instance, experimented with gla.aM jars containing six gidlons 
tnak ; and whilst trying the destructive power of tho electric 
on some fowls, he inadvertently received the full cliame 
a of these veiy large jars through his arms and body. The 
t, as he describes, were " sufficiently severe;" yet he merely 
Boentions the accident as showing that a man can bear without 
'i detriment a shock greater than he had imagined. He 
i that on receiving the shock, it seemed like a universal blow 
Ktrongh the body from head to foot, and was followed by a 
riolent quick trembling in the trunk, which went off gradually 
a a few seconds. It was some minutes before he could collect 
ia thoughts so as to know what was the matter ; for he did not 
ee the flash, though his eye was on the prime conductor, nor did 
ke hear the crack, nor did he particularly feel the stroke on his 
land, tho\igh it raised a small swelling there. His arms and 
kbe back of hia neck felt somewhat numbed the remainder of 
e evening, and his breast was sore for a week after, aa if it 
i been bruised. 

Eeotricians of the present day would not venture to repeat 
icb an experiment as the following, of which an account is 
.nren by FranVh'n in a lettei- dated Philadelphia, 1753 : — "Tlio 
mocking down of six men was performed with two of my large 
I, not fully charged. I laid one end of my diacharging-rod 
m the head of the first ; he laid his hand on the head of the 
lecond ; the second his hand on the head of the third, and so Ui 
9ie last, who held in his hand the chain that was connected with 
"e oittidde of the jam When they were thus placed, I applied 

■(^er end of my rod tu the prime condiicUtT, a"ni Alttfe^ »Si 
Sed together. When they got \ip, they " ' ' ' '^"" 
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hcul not toU any stroke, and wondered how they came to fall ; 
luu' dul any of them either hear the crack or see the light of it. 
W'U sup^KVie it a dangerous experiment ; but I had once suffered 
tho siviuo myself, receiving by accident an equal stroke through 
my hi^ul that struck me down without hurting me ; and I had 
mHMi a yoi\ng woman that was about to be electrified through 
tho tiH^t (for some indisposition) receive a greater charge through 
tho ht^ by inadvertently stooping forward to look at the 
|vlaoiug of her feet, till her forehead (as she was very tall) came 
tvH> uejir my prime conductor : she dropped, but instantly got 
up ag»viu, complaining of nothing. A person so struck sinks 
down iloubled, or folded together as it were, the joints losing 
thoir atitjngth and stiffness at once, so that he drops on the spot 
wKoiv he stood instantly, and there is no previous staggering, nor 
lUu^ ho over fall lengthwise. Too great a charge might, indeed, 
kill a man, but I have not yet seen any one hurt by it. It 
wimUl o^i-tainly, as you observe, be the easiest of all deaths." 

With the powerful batteries employed by Franklin he also 
i4VU\*oiM.ltKl in communicating magnetism to steel needles. This 
lm\l, indeed, been previously done by others, but not in so satis- 
t'aoUu'y a manner. 

Numerous experiments were undertaken by Dr. Watson, 
Li'id ('. CVivendish, and other gentlemen associated with them, 
U»r tho puri)ose of ascertaining the rapidity of the electric dis- 
V UiUgo, and the distances it could be transmitted through water 
;ukI dry ground. In one of these experiments, peifbrmed in 
17 tT, au olootric discharge was sent across the Thames ; and in 
.4ii*»iliv'i\ near Shooter's hill, the discharge passed instantaneously 
lKii»u^li two mik^ of wire and two miles of dry groimd without 
i\\\ |.ii\*i4»tll»lo iutorrui)tion. 

'rUi-.o o\pi'iiuu'ut.s deserve special notice at the present day, 
i. i!iv\\ ^^UabJUhi^ll the fact of the conducting property of the 
».Mi!». v^KiiK I'its Uvu turned to good account in the construc- 
tl,.ii ..I v'K^irio tolo^rupliH. A notlier fact also intimately bear- 
ui.; -n lUv' Hiuu* ?.ubjivt WHS ascertained by Signer Beccaria, viz., 
ill n wviv ! i'« lu iuiiH^itW't or a good conductor of electricity in 
|..,.. ..1 ih'ii u> ii.. uvuiutitv. This conclusion was drawn from 
^). I Mil. lit. ' •»» M'uaiu^ I'Uvti'io dischai'ges through tubes of dif- 
,,.,MM .I'-v iilU\l wlih wiUvr, In these experiments it was 
... -.inul ilkai .1 vhaixo w Kivh |vii.s8ed freely through the larger 
v» . .■►. liiuU'vl ^> till" >.iuuUor tubt^H. 

\r. :.ivu. .i».\uluLlv>jL>i w ovo luHuichod to accouut for the 
,.\ .. !M «M dw L'\dcu phial, but the nature of its action 
u : N.!\ iuiju'ilWilv uiulvv*»UH.Hl until Dr. Franklin undertook 



frntH 1># ^bargei wiBrt it was insulate from tfee earth , 
Imt thJe circHiiutfincp, which afforded a clae to the elucidation <a] 
the phenomena nf the Leyden pltial, rcnnaincd a haiTPa fa«t until I 
it ftttwicteii Franklin's observation. He was the first to dis- 
[■ that the eleotricity on the outride of the jar is of a dif- 
ferent kind from that within. ; nnd that in charging a jar, & 
tjuantity of (iWtricity is uxpelkd from one side of tho glaas 
.iijaol to that introdnced on the other. Henee the necessity of 
supplying a pHsaage for the eacajw of the electricity outsidu by 
cimuecting it with a conducting substance. According to 
SVftnJdiii's view of the condition of a charged Leyden phial, th« 
inside when charged from excit«d glass is tilled with what had 
been termed vitreous electricity, and the outside is equally 
charged with electricity of the opposite kind. These electrioitiea 
Iiavisg a strong mutual attraction, and being kept asunder only 
by tlie resistance offered by the non-conducting glass and sur- 
rounding air, instantly rush together when the opposite surfaces 
' re brought in connection, and thits produce all the phenomena 
f the Leyden phial ; the glass, afler the discharge of the elec- 
ricity, being left in its original neutral condition. 
Franklin also proved more satiKfactorily than had previously 
a done, that the electric charge is in the glass, and not in the 
inetallic coatings of the jar, and that tlie latter serve merely to 
conduct, and to concentrate to one point the electricity spread 
r the surface of the glass. To illustrate this tact moat con- 
rinsively, he contrived a jar with louse metallic coatings, that 
Donld be removed and changed for others after the jar was 
dialled. After this change was effected, the amount of eleo 
bicdty in the jar was found to be scarcely diminished. 

Hie simple and beautiful theory of Franklin for exjilaining 
a action of the Leyden jar ia one of the most impoi-tant con- 
iobutiona of that philosopher to the science of electricity. Am- 
difying and improving the views that had previously been 
a by Dr. Watson, he conceived that the friction of glass and 
if other electrics does not generate electricity, but that it causes 
ince of the quantity of the electric fluid naturally 
n electrics, producing thei-eby tn some bodies an excess 
a othei's a deticieucy. The terms positive and ntgative were 
bitroduced to designate these states of repletion and want ) and 
llieae terms have been generally adopted in this countiy in 
ipeaking of the two kinds of electricity. It will be observed 
mat it forms an essential port of this theory to consider the 
hoioniena of electricity as produced entirely by the disturbance 
f the equilibrium of the same etherial fi\u.4, ftwj ^KrtipVtft <A 
e asaamed to be mutually repulsiif ei. On. VKia -igeiffiiK^lA 
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■WM esplained the effect of bodies aimilarly electrified rqielling 
eict other, and the attraction of the opposite electricities was 
attributed to the force exerted in atteinpting to resftore the 
equilibrium. 

The application of thia theory to explain the action of the 
Leyden jar affords a perfectly satisfactory view of the pheno- 
mena. When, for example, the wire connected with the interior 
coating is brought near the conductor of an electrical machine, 
the charged conductor makes an effort to part with a portion of 
its excess of the eiectric fluid to the jar ; but the latter cannot 
receive an addition to its natural quantity inaide until an equal 
quantity of that on the outside is expelled by meanB of some 
conducting body connected with the eartL When the electricity 
on the outside has been thus permitted to escape, the inside of 
the jar becomes poEdtively electrified and the outside negatively, 
and in equal degrees. The resistance offered to the passage of 
the electric fluid by the uncovered portion of the glass and by 
the surrounding air, maintains the coerced condition of the elec- 
tricity of the jar until the metallic surfaces are brought auiS- 
eiently near, by means of connecting conductors, to enable the 
attractive powers of the opposite electricities to overcome the 
interposed resistance. 

The FraiLblinian theory of electricity ia not without difficulties, 
especially in the explanation of repulsion from bodies electrilied 
negativdy. These difficulties have induced philosophers on the 
continent to adopt the vitreous and resinous theory of Du Fay. 
But the great simplicity of Franklin's hypothesis, and its accor- 
dance with those theories which have been established as afford- 
ing the most satisfactory explanation of phenomena in other 
departments of science nearly related to electricity, have enabled 
it to maintain its ground in this country ; and from the time of 
the announcement of Franklin's theory much clearer notions of 
the principles of electricai action were generally entertained. 
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Wk now apprtiach another importaiit epoch in the hiatot; 

electricity, in which Dr- Franklin's powers of pliiloeophicufl 
reBearch and hia fertility of invention are eminently conspicuous, I 

The flaahing light, and the snapping noise of the electrii 
^ark, hud, &o we have seen, Induced some of the earlieet eleo-l 
Iricitiua to imagine a. similarity between those maniieatations of ■ 
electricity and the phenomena of thunder and lightning. Dr. f 
"Wall's ftllnaion to this probable identity waaeuggested at a time 
when the known facts were so few aa to liave made the analogy 
merely fanciful, but the further development of electrical 
eapecially after the dinoovery of the Leyden phial, enabled 
leipaiiiaenters more closely to imitate on a small scale many of J 
tiie destructive effects of lightning. I 

The obserratioiis of the Abbe Nolkt bear so close a relation. I 
!to the trutJi, that they deserve to be recorded, as indications how I 
-Wdl pr^iored philosophers at that time were for the Eubse<]Uent I 
discovery of Franklin. In his Legans de Phi/sique the A.bb6 I 
fi^s : " If any one should take upon him to [nvve fi-om a well- I 
«ODnectfid comparison of phenomena, that thunder ia in the I 
bands of nature what electricity is in ours, that the wondeis I 
which we now exhibit at our pleasure are minor imilations of ^ 
those great effects which frighten us, and that the whole depends 1 
upon the same mechanism ; if it is to be demonstrated that a I 
cfond prepared by the action of the winds, by heat, by a mil- I 
inre of exhalationiS, Jic, is opposite to a terrestrial olject ; that I 
this is the electrified body, and at a certain proximity from that I 
-which is not, — 1 avow that this idea, if it waa well supported, I 
iiranld give me a great deal of pleasure ; and in support of it I 
hvw many epecious reasons present themselves to a man who is I 
well acq;iiaint«d with electricity ! The unlvej-sality of the eleo- 1 
trio matter, the readiness of its action, its in&anvnwMKi.\^ , *MM 
its actirii-T in giving &K toother bixde*, ite pCQ-ptxt^ c&^ce^M 
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bodies externally and internally even to their smallest parts^ the 
remarkable example we have of this effect in the experiment of 
Leyden, the idea which we might truly adopt in supposing 
a greater degree of electric power, &c. ; all these points of 
analogy which I have been some time meditating, begin to 
make me believe that one might, by taking electricity for the 
model, form to one's self in relation to thunder and lightning 
more perfect and more probable ideas than have been hitherto 
offered." 

No one, however, had devised a means of ascertaining the 
identity of lightning and electricity until Franklin pointed out 
the way of drawing electricity from the clouds ; nor would he 
I)robably have thought of the means of doing so but for an 
unsuccessful experiment made by his friend Mr. Hopkinson. 
That gentleman electrified an iron ball with a needle fixed to 
itj expecting to draw a stronger spark from the point, as from a 
kind of focus ; but he was greatly surprised to find that, instead 
of increasing the intensity of the electricity, the point dissipated 
it altogether. He mentioned the failure of the experiment to 
Dr. Franklin, who immediately undertook to investigate the 
cause, and to determine the iiiuence of points in attracting 
electricity. In repeating the experiment, he ascertained not 
only that the ball could not be electrified when a needle was 
fastened to it, but that when the needle was removed and the 
ball was charged with electricity, the charge was silently and 
speedily withdrawn when a point connected with the earth was 
presented to it. 

From this effect of points on electrified bodies, Franklin 
inferred that lightning might also be drawn silently and safely 
from the clouds by a metallic point fixed at a great elevation, 
and he waited with considerable anxiety the completion of a 
spire at Philadelphia to enable him to try the experiment. In 
the meantime he published the results of his discoveries, and re- 
commended that where opportunities occurred the trial should 
be made. 

In a letter to Dr. Lining of Charlestown, containing answers 
to several questions. Dr. Fmnklin has given the following account 
of the origin of the idea that led to the grand discovery : — " Your 
question, how I came first to think of proposing the experiment 
of drawing down the lightning in order to ascertain its sameness 
with the electric fluid, I cannot better answer than by giving 
you an extract from the minutes I used to keep of the experi- 
ments I made, with memorandums of such as I purposed to 
make, the reasons "for making them, and the observations that 
arose upon them, from which minutes my letters were afterwards 



nVlt. By rtite extract you will see tlwt the ttouglit was not 
oinuch an ' imt-of-the-waj one,' but that it might hiivo occurred 
ID an electrieiim, 'Nov, 7, 1749. ElL-etric fluid ogroea with 
b^htoing in these particulara : 1, giving light ; 2, colour of the 
Kit ; 3. canoked direction ; 4. swift motioa ; B. being ctmductod 
Br metals ; 6. crack or noise in exploding ; 7. subsisting in water 
t ice ; 8. rending bodies it passes through ; 9, destroying ani- 
bls; !0, melting metals; U. firing inflammable substances; 
|L sulphureous amelL The electric fluid is attracted by points. 
We do not know whether this property is in lightning, but 
bee they agree in all the particulai'S in which we can already 
Rnjtuv them, is it sot prohuble they agree likewise in this 1 
pt'the experiment be made." 

LActing on this enggeation, two Frenchmen, M. Dalihard and 
It Delor, separately erected apjMiratus for the pnrposo of ooUect- 
ajg eJeetncity from the clouds ; the former at Marly la Vilte, 
Itoat aix leagues from Paris, the latter at his residence situated 
U liigh ground in Paris itself. M. Dalibard's apparatus con- 
Bted of an iron pointed rod forty feet long, the lower end of 
macb was inserted in a !<entry-hox protected from rain, and on 
m oatdde it was fastened to three wooden poats by silk coitls 
Bo defended from the ruin. It was this rod that firat attracted 
■ectrici^ from the clouds. M. Dalibard was absent from Marly 
If ttie time, and had left the apparatus in charge of a joiner 
tuned Ooiflier. On the 10th of May, 1752, between two and three 
^UAck in the afternoon, a sudden clap of thunder made Coiffier 
Mivy to his post, and, according to the instructions given him, 
h[ffeBeiited a phial furnished with a brass wire to the rod, and 
BttAediatety saw a bright spark accompanied by a loud snapping 
Siae. After haying taken another apark stronger than the 
ISA, he called in the neighbours, and sent for the Curd. The 
^X6r ran to the spot with all speed, and his parishioners seeing 
m running, followed at his heels, expecting that Coiffier had 
fen hilled by lightning ; nor were they prevented from hasten- 
Bto the spot, notwithstanding a violent hail-storm. The Our^ 
KoqnaUy successful in drawing sparks from the iron rod, and 
■iHltly despatched an account of the important event to M- 
■ibard. The Cur4 stated that the sparks were of a blue 
Kntv ttn inch and a^half long, and smelt strongly of sulphur. 
H^t«V sparks at least six times in about four minutes, and in 
BciMltAe of these experiments he i-eceived a shock in the arm 
B^i^iig above the elbow, which he said left a mark such aa 
■ht Tiftvo been made by a blow with the wii-o on the nakad. 
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been proved at Murly, the rod erected by M. Delor, which wm 
ninety'diue feet high, yielded electric sparks ; a&d the same 
phenomenon was afterwords exhibited to tlie French king and to 
nurabera of the nobility. 

In the meantime, Dr. Franklin remained at Philadelphia 
unconacaoua of the auccesa which had attended the adoption in 
France of hia suggestion for drawing lightning from the clowdB. 
Becoming impatient to verify hia opinion of the identity of 
lightning and electricity, it occurred to him that he might 
establish an electrical connection between a thunder-cloud and 
the earth by means of a boy's kite, without waiting for the com- 
pletion of flie apire. Accordingly, on the first promieing occar 
sion, which occuiTed in June, 1752, a month after the success at 
Marly, he undertook the experiment. Afraid of being laughed 
at should the expedient fail, he took bis son with him to make 
it appear that he was merely going for the boy's gratiGcation, 
to assist in flying the kite. The apparatus consisted of a. $i11r 
handkerchief attached at the comers to two laths placed ctobb- 
wise. The kite thus constructed was able to bear a shower of 
rain without being injured. A pointed wire was fised to the 
top to attract the electricity, but there was no conducting sub- 
stance in the string, which was made of common packthread. 
At the end of that imperfect conductor a key was attached to . 
collect the electricity, and a piece of silk ribbon was fixed to the 1 
key to insulate it from the hand. When the kite was raised in, 
the ail- Dr. Franklin held the ribbon and looked with great 
anxiety for the result. 

Some thunder-clouds passed over the kite, but there was no 
sign of electricity. At length, as Franklin was about despairing 
of success, he perceived some fibres of the hempen string to 
stand erect and to avoid one another, just as they w^ould have 
done if electrified. He then presented his knuckle to the kOT, 
and to his unutterable delight received a spark. Other sparta 
succeeded, even whilst the string was dry, and consequently a 
very imperfect conductor ; and when the rain had wetted it, he. 
drew forth sparks very copiously, with which he charged a 
Leyden jar. 

Dr. Franklin afterwards erected an iron rod on the top of his. 
own. residence, and one end of the rod being conveyed into bu 
study, he was able at hia convenience to perform with lightning' 
all the experiments of artificially-excited electricity. That hiftn 
attention might be drawn to the apparatus whenever lightn 
was atti-acted, he attached a set of bells to the rod, which by ti 
attraction of their clappers, gave the signal. Sometimes thea 
bells nag so vitdeatlT as to be heaxd all over the hawa. 



'DANGER0C8 EXPEBJJIEKTS WITH UGHTSISG. 

le application toade by Franklin of hie great diHcoveiy to 
protection of buildlngx from lightning, was the flrat practi- 
beaefit derived from tlie Bficnce of electricity. He inferred, 
poiate are ho efficacious in attracting lightning, that a pointed 
taUio rod attached to the side of a house, rising tionie height 
iTeitand descending to the earth, would draw the electricity 
a passing thunder-eloud silentlj, and thus prevent a suddtn 
arge ; or if a flash of lightning should strike the rod, that 
electric fluid would be conducted safely through the metal 
the ground. He consequently recommended the attachment 
t such protecting rods to ail exposed buildings, mid to the moste 
Pshipa. Experience has prov«l the correctness of his inference, 
* the value of the suggaftion. The plan has been extensively 
ited, and haa been the means of protecting STeiy building 
Bbip to which such conductors have been prt^ierly applied, 
Ifilecmcians in all ports of the world were aasiotiB to repeat 
experiment of drawing electricity from the doitds. In 
\g so many of them received injuries and had narrow escapes 
1 being killed, in consequence of the hazardous n 
3h they performed their experiments No one sui 
ttracting such large and continuous torrents of electric fire as 
f, de Bomas of Nerac, who employed an electrical kite in the 
^ing of which a thin wire was inserted, to serve as a better 
Sndnctor than the hempen string alone. The kite he used was 
feet high and three feet wide, and a tin tube connected 
the wire-string was Buatained at a short distance from the 
by means of a silk ribbon, which served when the kite 
ttod, to insulate the wire from the operator. In experi- 
with this kite, when raised to a height of 600 teet, 
rt, 1756, the streams of fire issuing from the tin tube 
represented to have been one inch thick, and ten feet long ; 
Ml one occasion a loud explosion was heard and & flash of 
" ig pa.aaed from the tin tube to the earth, making a small 
ttie ground. At such times when the flow of electricity 
p reiy abundant, M. de Romas experienced the same sensation 
'bs fcce as is produced by the prime conductor of an excited 
ical machine, which induced bim to retreat and discontinue 
Axperiments, from the <lread of receiving a shock. Exneri- 
i had taught him caution ; for when he first raised his site, 
ivhilst taking hold of the wire-string, he was struck severely, 
cmier, a member of the Academy of Sciences, and M. 
of Montmorency, were both knocked down by flashes of 
whilst taking sparks from their apparitua *, ajyi. 
other ptTHoDS were more or less injured. 
vamiog of the danger of experiments -wiJiii \ 
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msi'UKY OF ELECTRICmr. 

•V Ik- uaih of Pix)te.ssor Hichmann of St. Peters- 

iK Jiiiii It Au^uj^ty 17o3. He bad constructed an 

. ^. iii^-li lu' c*ill(.>d ail electrical gnomon, to measure the 

Lv>. iiKity, iiiiil was obsc*r\'ing the effect of a thundei^ 

iu> u.Niriiiii«'iit, iiccoinpinied by M. Solokow, an 

:*»\ ii'.>w.n- Uichmaiin was standing with his head 

*. ..uis '.lie i-uoniuu, wlien M. Solokow, who was close to 

. . vl, i.> \w i-.\i>ivs*.sed it, "a glolxj of blue tire as large as 

.1. V Ax'iii I ill! ivd of the gnomon towards the Professor's 

..;> \\;i.> aI>out a foot distant. This flash caused the 

. . .». iit'iuU of the Pi-ofrssor, and M. Solokow was so 

.. :.vvi iiKU he Lvuld givc nf) distinct account of the 

. .i uiii.M If. He said that there arose a sort of steam 

H. \\w\\ oaiiivly bemimlM,'d him, and made him sink 

... iiv' :;i\»iuid, so that 1h; could not even hear the 

.>.'..j; vU4» i>f thunder, whic-h was ver}' loud. The 

\\w li^litiiiiig were veiy api^mmt in the room ; the 

V. .... s^ilit ihixtugh, and tlit^ door torn off its hinges and 

■ ■ «t ti. 

...silu^ lV>fossor Richmann's body, a red spot was 

1 ilu- fiuvhoad, fi-om which some drops of blood issued 

. 'v'ii.-*, ili<»ugh the skin was not bi-oken. Tlie shoe 

K'L vwi.s l)ui-st ojxjn, and a blue m.ark was found on 

lio loot ; fmni which apjKjarances it was assumed 

... .;i':iL^ I'utoivd the lie^id ami jmased through the 

' '» ;. Thi" Uulv itself exhibited several i*ed and blue 

iiv V .vi'ptitai of the hift shoe, the dress was unin- 

\\.' Uuly was opened, twenty-four hours after 

.1 w.iM without injuiy, and the brain i)erfectly 

. . . ; . I '. I rr 1 1 1 1 >el 1 icl es ( )f tl le windpi])e were ex- 

. il wiii' I'asilv ixMit. There was some extiu- 

.». .axiiii's IkIow th(^ lungs; and the throat, 

• ..II rails wore all iutlamed. The IxKiy so 

:>.ii iNVt> days after death it could with 

Ux I .»r lightning is exactly the same as that 

*. \ i» liM- or ehH'tri(.*al Iwittoiy. The author 

. : ammI r\|M rienco on this matter, though 

I ill was toi) slight to piv)duee any dis- 

I So .ii>; a .si'Vfi-e thunder-stonn, accom- 

• ;, !i.' wa.-i eudeavouiing to prevent the 

., .»'i*|'in«; u|> the couduit-])ii>e, whcMi an 

\\ »u.;h liis right ann, from the wi-ist that 

s oiiK' to the ellK)w that rested on the 

V .. .o Miv NiuvtUug, a.1 ' ' '^Mivid \im\ Iv* 

A 
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SBT OF EtECTKICAL INDUH 

rrotreat A loud clap of thunder L 
ed, ^uditatiijg tlmt a jwweifiil flash of lightning had at 

luse ; hut auveral niutal jiipen cinducW it saf«J; tii t 
I, and it was so dividwl l>y ].>nsaing through those cc 
s that but a yvry small pni'tion of the discharge could havo I 
i through tlte imperfect coiiuectiuu formed Iiy the uiithor's | 

e lit the fii'st objects of sci(?Dtiltc experiments on lightning ' 
I to determine whether the electricity frum the cloudii was 
I pmitive or negative. Fmnklin fuund, during his experimmitA 
1 jn the spring of ]763, that the lightnuig-rod t'shibittnl in every 
I i^aae si^is of aegativa elootricity ; he therefore concluded, some- 
I t^tA too hastily, that the clouds are always negatively electrified, 
I ^d tiiat during iJiunder-stonns it is the eaartii that strikes into 
I flte olondB, and not the clouds into the eailh- In a subsequent 
Unent, however, he found the electricity positive. The 
rations of other electricians serve to show that the electrical 
an of the clouds frequently varies from negative to 
;, and that these changes ooour during the t 
vme storm. 

She pointed rod with the accomjionying apparatus to d6t«ct 
iffhsa a thunder-cloud was passing, were soon found to iniUcate 
■' 'BSBOCe of dectricity, not only when there was no thunder- 
, but when the atmosphere was perfectly clear. SignoE I 
m eiqtecially made seairohing investigations into the subject, I 
li datermined the close connection between electricity and all I 
rologioal phenomena ; nor has much been done in elud- 1 
F this mysterious connection since the researches of that 
juiahed philosopher. 

e diaoovety of the identity of lightning and electricity may 

a Sonaidra^d as the culminating jxiint in the history of elec- 

Ptrfci^ during the lost centuiy. No very striking discoveries 

pwoHed from the researches of the many electricians who were 

\ ^^ged in investigating the new field opeaied to their reaewches ; 

hi nev^th^esB, numerous interesting facts were made known, and 

I jlii$cadea«hle light was thrown on the law» that govern the aolions 

ttf 1^ dectric fluid- 

Thfl disooveiy, for instance, by Mr. Canton of the property of 

1 ^fiptrietJ induction, though not of a character to produce any 

narked impression at the time, has proved of the utmost conse- 

se in explaining the phenomena of electricity. In the 

<r years of the science an obscure notion was entertained of 

» influence of eseited electrics in bodies at a diatanw; feuKv 

; but nothing' waa aotiiaUy known ol ttuH in&aeoefe ^ 

^tea jm^l^a^^Uieixius experiiabnt&, t\i3,l a.-a fe~ 



HISTORY OF ELE<7rRICl 

electi-ic always induces in other bodies within the sphere of its 
influence an electri»»l condition of a kind difierent from that 
itself possesses. Mr. Canton found that when he brought an 
insulated conducting bodjr near to an excited electric, it became 
electrified so long as it remained there, and that if the eleotric 
were positive that part of the condu<^ng body nearest to it 
would be negatively electrical, and the more dislant part would 
exhibit positive electricity. This sympathetic state of electricity, 
he ascertained, continued only whilHt in the vicinity of the 
excited electric, and that the insulated conducting body on being 
removed, returned to its natural state. If, however, whilst 
under the electrical influence, the part farthest from the eleotric 
was touched by a conductor, so aa to enable it to throw off the 
electricity repelled to that end, the body remained in an elec- 
trical state after the excited electric was removed. These 
remarkable phenomena were ascribed by Mr. Canton, and also 
by Dr. Fraiilin, who verified the experiments, to the presence 
of electrical atmospheres round all bodies, which atmospheres 
were supposed to be mutually repellent. 

M. iEpinua and Mr. Wilcke, who experimented together with 
a view to elucidate the cause of the inductive property of elec- 
tricity, wei* led to infer that the repelling power exerted at a 
distance by esctted electrics would enable them to chai'ge a apace 
of air included between two conducting plates, in the same 
manner as a, plate of glass is chaiged when coated on both aides 
with tin foil The experiment answered their expectations, and 
succeeded at a distance of several inches between two insulated 
metal discs supported horizontally. When a discharging-rod 
was connected with the upper and lower plates, a loud discharge, 
lite that of a Leyden jar, instantly toot place. 

It may be observed that the property of induction might have 
been deduced from the action of the I^eyden jar, as exjjlained hy 
Franklin, for one side of the glass was proved by him to be in. 
the opposite condition of electricity to the other. But until tlis 
experiments of Mr. Canton it could not have been inferred thab 
positive electricity would operate at a distance in communicatiig 
negative electricity through the non-conducting air. 

Mr. Canton also advanced the progress of electrical soienoo 
by ascertaining that the kind of electricity excited by the friction, 
of any given substance may be changed from positive to negative 
or the reverse, by using diSerent rubbers, or by altering tho j 
surfaces of the electrics. Glass is less susceptible of thesa • 
changes than other electrics, but its generally positive state may | 
he converted into negative by employing the back of a cat ft "" 
the rubber, or by roughening the surfac: "" To Mr. Cantia 



r due tlie merit of introclucuig tbe application of a metallic 
lal gaip to the rubber, to faailitjite the excitemeut of elec- 
idty. 

The opinioti which for some time after the exposition of 
'a theory had been generally eatertaineii, that electrical 
i depended on the disturbance of the equilibrium of 
s electric fluid, was very ably disputed by Mr. Symmera iii a 
uttunicatiou to the Royal Society in tie year 1759. He 
tnced several experiments which he considered could only Ve 
merly explained on the BUppoaitiou of the esLstence of two 
ctric fluidB, not indeed independent, but, on the contrary, 
mm oo-exiat«nt and coimteractlng each other. Thia theoty 
nely nwembled that of Du Fay, and the old terms of vitreous 
! resinous electricity were adopted by Mr. Symmers ; Du Fay, 
r, originally conceived, in opposition to all observed elec- 
J &ctA, that the two electricities were independent of each 
tr, and were never combined. 

he revival of the theory of vitreous and reainous elec- 
irity by Mr. Symmers deserves to be specially noticed in 
' ) place, for though it did not receive much attention at the 
IB, it formed the foundation of the opinion now generally 
fcoitained by electritaana on the Continent, where the theory 
two distinct electric fluids has in a great m.easure supplanted 
i simple plus and minua theory of Franklin. A very 
partial review of the experiraenta of Mr. Symmers, and of the 
Ibrftaces founded on them, is pven by Dr. Priestley,* who, 
h am advocate of the FranUinian theory, admitted that all 
a of electricity might be equally well explained l^ 
i^Snpposition of the existence of two distinct fliuds as of only 
L and that as regards repulsion, the explanation was even 
» rtitisfactory. Dr. Priestley, however, adhered to the single 
d &8 the more simple theory, and aa presenting closer analogy 
irlat is known of the operations of nature in other branohes 



$C .^pinus and the Hon. Henry Cavendish brought mathe- 
tieal science to bear on the phenomena of electricity, and 
ji deterniiiied aome of the laws that govern its attractive and 
i. These researches were pursued still more 
ioeBSftdly by M. Coulomb in 1785 with the aid of the elec- 
T he invented, called the torsion balance, for measuring 
ibrce of electrical attraction and reptdaion. In that 
iment a filament of aUk or spun glass serves to s ^ 
mtaUy a fine needle of sheUuc, with a. small rait ^ith, ball I 
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fixed at one end. A small ball charged with electricity is then 
brought near the suspended pith ball, when the latter is repelled 
and the suspending filament receives a twist occasioned by the 
mutual repulsion of the two balls. Whilst they are thus repelled 
they are forced together by means of a screw to which the filament 
of glass is attached, and the degree of torsion or twist produced in 
the filament by forcing the two balls together is measured by an 
index. The delicacy of the instrument is so great that a force 
not exceeding the 20,000,000th part of a grain may be indicated 

With this sensitive indicator of electrical forces. Coulomb 
deduced the following important laws which govern the electric 
fluid : — That bodies electrified by similar electricities repel each 
other with a force that diminishes in the same proportion as the 
square of the distance between them is increased ; and that the 
mutual attraction or repulsion of two electrified bodies is directly 
proportional to the quantity of electricity with which they are 
charged, and diversely proportional to the square of the distance 
between them. Coulomb ascertained that electrified bodies, 
when insulated, gradually lose their electricity by the conduction 
of the surrounding atmosphere, which is never firee from moisture, 
and by the imperfect insulation afforded even by the best 
electrics. He also determined in a more decided manner than 
had previously been done, that frictional electricity is accumu- 
lated only on the surfaces of conducting bodies, and does not 
penetrate the interior. 

A few years before the invention of the torsion balance, the 
electrophorus of M. Volta had been added to the apparatus 
of the electrician. This instrument is principally valuable as 
exemplifying in a remarkably striking manner the action of 
induced electricity. When an insulated metal plate is brought 
into contact with a cake of rosin, or with any other fiat elec&ic 
surface when excited, the insulated plate is immediately ren- 
dered electrical ; but not, as might be supposed, by electricity 
communicated directly from the rosin, but by induction. The 
two sides of the metal disc become in opposite states of elec- 
tricity; that side nearest to the electric being charged with 
the contrary kind to that of the electric itself. Supposing 
a cake of rosin to be employed, the metal surface in contact 
with it is positively electrified, and the other side negatively. 
If when thus in contact, the finger, or any other conducting 
body, be brought near the plate, the negative electricity passes 
off in a spark, and the plate being then lifted up by the insu- 
lating handle, it will be found to be electrified positively ; and 
so strongly, that sparks nearly an inch long may be taken from 
it. In this manner, by a succession of conta^+a <*.lectY\.c\ty Taa.y 
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be developed sufficient to cKarge several Leyden jars without 
sensibly diminishing the electricity of the excited rosin. 

The principal remaining incidents in the progress of electric 
science to the end of the eighteenth century were the results 
of the researches of Lavoisier, La Place, and others relative to 
electrical excitement by the evaporation of fluids, and by the 
solution of solids in acid menstrua. In every instance of sudden 
change of state, and of rapid chemical action under such cir- 
cumstances, electricity was developed. These experiments by 
the French chemists indicated the close connection between 
electricity and chemical action, which subsequent investigations 
have proved to possess a most important bearing on the develop- 
ment of electricity. 



CHAPTER III. 

Duscoverj of Galvanism, and the circnmstances that led to it — Galvanrs erroneous 
notions of the exciting canse — Volta^s mvestigatiohs — Invention of the Voltaie 
pile — Commencement of the science of Voltaic electricity — Various Voltaic bat- 
teries — ^Theories of their action — Investigations by Sir Hnmphrej Davy—- De- 
composition of the alkalies and earths — ^The experiments that led to the discoveiy 
founded on a hoax — Prodigious Voltaic batteries constructed — Napoleon Bona- 
parte's experience of their power — Unsuccessful application of Voltaic electrioity 
by Sir H. Davy. 

As "the last century drew to its close, a new era commenced in 
electric science of far more importance to its development than 
any of the preceding stages of advancement. The first glim- 
mering of light in the new direction, as in most of the preceding 
discoveries, arose from fortuitous circimistances ; and it is worthy 
of notice that this discovery also was founded on ignorance 
of the principle on which it depended. 

Galvani, an anatomical professor at Pavia, has the merit of 
being the originator of that branch of electric science which was 
for many years termed galvanufm. One account of the discovery 
represents that his attention was first directed to the subject by 
his wife and a pupil, who had observed the limb of a frog con- 
vulsed when touched by a knife near to an electrical machine. 
Madame Galvani is made more conspicuous in the matter by the 
assertion that she was an invalid, and that the frogs had been 
procured as delicate morsels for her dinner. It is stated, how- 
ever, by Galvani, in a work published at Bologna in 1791 for 
the Institute of Sciences,* that he was dissecting a frog on a 
table whereon stood an electrical machine, when the limbs sud- 
denly became convulsed by one of his pupils touching the crural 
nerve with a dissecting-knife. This occurred at the instant that 
a spark was taken from the conductor of the machine. The 
experiment was repeated several times, and it was found to 
answer in all cases when a metal conductor was connected with 
the nerve, but not otherwise. Gulvani, who entertained the 
opinion that muscular action is attributable to electricity, looked 
on this phenomenon as a confirmation of that opinion, and 
pursued the inquiry with great zeaL Having tried various 
experiments successfully wili the electrical machine, the electro- 

• AJofsii Galv&m de viribus electiidtaUs m motxx itwxa*" "tkssuXaxvMa, 



and other artificial Uuds of apparahiB, lie also tried tbe 
effect of atmoapherical electricity. He iittachod tlie legs of 
ttdgB to A pointed conductor fixed at the top of the houae, and 
found that they were violently convulsed by every flash of 
lightning. Similar efiecta, though Dot so strong, were also pro- 
duced by atmuspherical electricity, when there waa no thunder- 
Otorm. In the prosecution of these researches, he Huspeudod 
>roe frogB on metal hooks from the iron railings of his garden, 
id observed the conductions in all states of the weather, wbea i 
) connected the hook witli the iron rails. Ho therefore sup- j 
Med that the effect might be produced independently of tha 
itmoejihcre ; and he found, on experimenting with a frog in luf I 
room, that whenever a metallic connection was made betwooQ ] 
the eatemal muscle and the crural nerve, the limbs became oon- 
nilsed. As this efiect was produced without any apparent ' 
ixtemal excitement of the electric fiuid, Galvani iuferml, in 
e with his preoonccived hypothesis, that the muscular 
n was caused by animal electricity ; that the muscle 
md the nerve were in the condition of the inside and the 
niteide of a chained Jjeyden jar, and that the metallic connection 
merely served the same purpose ae a discharging wire, by giving 
" e two electricities the mewis of combining. 

It has been observed, that had Oalvaui been more accustomed 
i electrical experiments, he would have paid no attention to 
' 8 eonvulBion of the frog's limb, and would have considered it 
vely as the customary efiect of electricity ■when passed through 
, anittinl conductor. The same fact had, indeed, been observed 
V others, and thus disregarded. But Galvaoi, impressed with 
a idea of muscular action being caused by animal electricity, 
i^nght Uie fact prominently forward. 'Hie electiicians wlio 
id observed the same phenomenon without regard, formed, 
dud, more correct notions of the cause than Oulvani, but bj 
!• Mtdeavour to establish an error, he was the means of olua- 

g a most important trutL 
In tho meantime, the extraordinary physiological efiect« pm- 
Jed by such insignificant means gave countenance to Galvani's 
aon that they were produced by animal electricity. Physio- 
vto eagerly seized hold of this assigned cause of vital energy, 
1 abandoned the agency of the "nervous fluid" for that of 
Volta, however, manfully combated the opinion 
tt tlte exciting cause resided In the animal fibres, and con- 
ided that the muscolar omtractions produceil whtn the i 
i the nerve were connected by a me^, aro«e fviw. Ui^ vfWiSaA 
'.ttft ipgt al iteel^ and was entirely iudependt^X ut 
isopioioQ wBLftadiViicieii.\' 
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sensation occasioned by the contact of a piece of silver with a 
piece of lead or zinc, when both are placed upon the tongue ; a 
ftict which had been noticed by M. Sulzer in 1762, without 
attracting much attention.* Yolta conceived that by combin- 
ing a series of silver and zinc plates, he should be able to add to 
the electrical effect as he should thus increase the number of 
metallic contacts. He therefore piled up a series of plates, con- 
sisting of zinc and silver alternately, with interposed pieces of 
wet cloth, and obtained the expected accumulation of electrical 
force. 

The results of Yolta' s important experiments were announced 
in a letter to Sir Joseph Banks, which was read before the Koyal 
Society on the 26th of June, 1800. In that conmiunication M. 
Volta stated that he had obtained some striking results horn 
electricity excited by the simple mutual contact of different 
kinds of metals, and even by the contact of other conductors 
different among themselves, whether liquid or containing some 
fluid to which they were indebted for their conducting proper- 
ties. The principal results he stated were, " the construction of 
an apparatus which resembles, in its power of producing electric 
shocks and other electrical phenomena, the Leyden jar, and still 
more closely electrical batteries when feebly chaiged ; which 
operate also without ceasing, and possess a perpetual impul- 
sion." 

This apparatus consisted of discs of silver and zinc, about one 
inch diameter, and small discs of card or parchment, moistened with 
water or with a solution of common salt. The metal discs were 
piled upon one another alternately, and between every two was 
applied one of the moistened cards. With a series of twenty of 
these pairs of discs, he stated that Cavallo's pith ball electrometer, 
aided by a condenser, was affected to the extent of fix)m 10° to 
15°; that when wires connected with the upper and lower 
plates of the series were brought together, sparks were emitted ; 
and that the apparatus would give a shock through the Angers. 
With a series of fifty pairs, the shock, he stated, became so 

* The following extract from M. Salzer's writings marks the first dawn of this 
important discovery :— 

*^ When two pieces of metal, one of lead and the other of silver, are so joined 
together that their edges make one surfiEu^e, a certain sensation will he produced on 
applying it to the tongue, which comes near to the taste of martial vitnol ; whereas 
each piece by itself betrays not the slightest trace of that taste. It is not impro- 
bable that, by a combination of the two metals, a solution of either of them may 
have taken place, in consequence of which the dissolved particles penetrate into the 
tongue ; or we mav conjecture that the combination ot these metals occasions a 
trembling motion In their respective particles, which, exciting the nerves of the 
tongue, causes that peculiar sensation." — Theory of Agreeable and DUagreeabU 
Se/kiaiiofu; BerUn, 1762, 



Hmrtt^u to Fsacb to the Abould^re, aaS yrhea paawd tlttoaglL 1 
K single finger, the pain w»s too great to be borne. 
W Volta, it is jmibttble, txsggi'niteii the effects of this diminutive 
■HipaiatuH, and he evidently miBtook the partial combustion of 
BDie metallic 'wires, on making contact, for the electric spark, 
Hrhicb can only be produced hy a much more numeroue and 
Kttore powerful anungement than Tolta employed, 
r Volta had been a long time in obtaining the results communi- 
Bated in bis letter to Sir Joseph Blinks. Having experienced 
Kie inconvenience of the pOe, he contrived an arrangement 
BOiilli il by 111"' A couronne de latses, in which zine and copper 
Bdatee oonnectetl together by wires were immersed in difi'erent 
Mtins containing a eolution of common salt A series of tkew 
Hapd formed a very efficient batteay, and he was enabled, as he 
■^id, to produce effects which, tliough considerably less active 
■plan a batteiy of Leyden jars, possessed nevertheless immense 
nower. The close resemblance of the electricity evol\-ed in this 
KiBwin flT to that of the torpeilo did not fail to strike Volta, who 
Eocoidingly called his apparatus an artificial electrical organ 
Bbw"' iledriqiit arti/iciel). 

■ llie diacoveries of Volta, though far surjiassing in importance 

pUMse of Galvani, were at first considered merely subservient tft 

B&e purpose of giving greater effect to the exjierinients of the 

letter. The increased muaoular energy that coiUd thus be given 

Ki the limba of recently killed animals excited amazement and 

Pave, and itinerant lecturers in all parts of the kingdom exhibited 

fhese wonders to collectetl multitudes ; nor were tJiere eharlatana 

wanting, who by tricks of legerdemain gave a still more mar- 

vellous appearance to the r^y estraordinaiy effects of thia 

newly discovered agent The importance of the exciting power 

thus became mei'ged in the effects it produced, and because the 

liattery of Volta was at first chiefly employed to illustmte the 

discovery of Galvani, it received the name of the " Galvanic 

battery." That name was for a long time retained, and the 

DBw bi-anch of science founded upon it was still more unjustly 

twined Galvanism. 

As the new mode of exciting electricity was announced in 
ISOO, we may date from the banning of the present centuiy 
thf! commencement of the science of voltaic electricity. In the 
early days of this discovery it was not determined whether to 
conadn' it as a modification of the electric fluid, or as a distinct 

rit Rsdted by the contact of metals, though the re'ieari'ljef ■ f 
most eminent electricians Itave since established the idi uili 'j- 
Dfthe two. 
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that both produce the same physiological effects, the shock 
being communicable by both through a great number of persons 
instantaneously ; that the same substances are conductors and 
non-conductors of both kinds of electricity ; that both possess 
the power of igniting and heating ; that sparks are emitted by 
the voltaic battery when great numbers of plates are used to 
increase the intensity of the force : that the phenomena of attrac- 
tion and repulsion are common to both, and by both chemical 
decomposition can be effected. 
/ The differences between voltaic and frictional electricity con- 
sist in the continued duration of the effects of the former, and in 
the different states of intensity in which the two kinds of elec- 
tricity are evolved : voltaic electricity being evolved in great 
quantity at a low degree of intensity, whilst the quantily of 
frictional electricity excited is comparatively very small, but at 
a high degree of intensity. 

The different conditions in which the electricities of the 
voltaic pile and of the electrical machine are excited, occasion a 
difference in the phenomena of eacL It was not, for example, 
an easy matter to make an arrangement with frictional electricity 
for the exhibition of chemical decomposition, and on the other 
hand the electric spark of the voltaic battery could not readily 
be made to force itself through even the smallest space of air. 
The experiments of Dr. Wollaston, of Sir Himiphrey Davy, and 
more recently of Dr. Faraday, have, however, removed all doubts 
respecting the power of frictional electricity to effect chemical 
decomposition ; and, on the other hand, Mr. Crosse, with a water 
battery of 2,000 cells, evolved voltaic electricity possessing suffi- 
cient tension to force itself in a rapid succession of sparks through 
an intervening space of air. 

Numerous attempts were made soon after the announcement 
of Volta's discovery and invention to improve the form of the 
apparatus. These endeavours have been continued with more 
or less success to the present day, though the arrangement a 
couronne de tosses, modified and rendered more compact, is still 
that most frequently adopted. The only marked variations in 
the principle of construction which require to be noticed in this 
part of our work, were the increase of the quantity of electricity 
by enlarging the size of the plates, so as to communicate greater 
heating power to the battery, and the increased intensity pro- 
duced by greatly adding to the number of combinations, as in 
the column of De Luc. The latter arrangement deserves notice 
also, from the circumstance that no moisture is applied to pro- 
duce the effects. This apparatus, as improved by Zamboni, consists 
of discs of paper, on one side of which is pasted finely laminated 
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diameter, which a 

sides placed i 

together 




c^vvv.:] Willi i".w.),.rod black ojtideS^ 
D prepai«d is cut into discs about one 
re arningtMl over one another with llio 
lomo direction ; imd, after hnviug been 
; they are enclosed within a gla«a tube. This 
u it consists of a pile of 10,000 discs, eichibita a 
ikstont excitemeat of electricity of considerable intensity. It 
Secte the gold leaven of the electrometer, yields smaJl sparks, 
arges a Leyden jar, and attracts and repels light substADCea in 
B loaimer of an excited glass tube. ltd action continues with- 
intenniaHion for months, and even for years. A pile con- 
g of 1,000 prepared paper discs may be arranged bo aa to 
m a small pendulum vibrating between its opposite polea, and 
tiius approaches more closely than any other invention to v 
metnal motion. 

The action of this instrument depends on the small quantity ■ 
moisture contained in the piiper. The paper is interposed H 
reen the zinc and thu manganese, in the same manner as the ■ 
I of cloth in a voltaic ])ile, and though apparently dry, it H 
atniBS sufficient moisture in all states of the aUnosphere to act H 
a. oondoctor. H 

xciting cause of electricity in the voltaic battery was ■ 
d by Yolta to be the contact of dissimilar metala. The H 
[lud wherein the plates are immersed was regarded merely H 
the conductor of electricity from one pair to another, and the H 
^vantage of employing saline solations in preference to water H 
* attributed to their superior conducting power. This theory H 
e quickly combated by Dr. Wollaston, who ascribed the effect B 
'y to the chemical action of tbe solution on the sine That H 
a was afterwards ably confirmed by Sir Humplu^y Davy, H 
I proved by various experiments, that chemical action is I 
ntial to the excitement of voltaic electricity. He showed, , I 
, that a voltaic battery may bo constructed without any I 
etaJIic element In Kovember, 1801, he formed a battery of I 
ia Mod, which consisted of ten pieces of well-bumt charcoal, H 
til nibic acid and water arranged alternately in wine-glasses, I 
til produced all the effects usually obtained &om an alternate H 
nu^ement of zinc, silver, and water. More recently. Dr. H 
Y has shown, that when the usual elements are employed, H 
action may be excited without contact of the metals. H 
pbwithatanding these evidences of chemical action, tlie contact H 
Any continues to be the favourite hypothesis with philosophers H 
i ib^ Continent, and tbe action of De Luc's column, without ■ 
y fluid, has givun cooutonauEft^ I 
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Whether chemical action be, or be not, the exciting cause of 
voltaic electricity, the agency of the latter in disturbing 
chemical afl^ties is one of its most remarkable and important 
characteristics. Nor did this extraordinary power long lie 
dormant. Two months before Yolta's communication was read 
before the Royal Society, Messrs. Nicholson and Carlisle effected 
the decomposition of water by Yolta's apparatus, which had been 
described in foreign journals ; and Sir Humphrey Davy, im- 
proving on those experiments, succeeded in producing the oxygen 
and hydrogen gases from separate portions of water, in different 
glasses, connected together by moistened threads. Following 
up these experiments, he decomposed several compound bodies, 
and in every case he found that when substances containing 
sulphur or metal combined with oxygen were operated on, the 
sulphur and metal appeared at the negative end of the battery, 
and oxygen at the positive end. He was led to infer from these 
and similar experiments on the decomposition of bodies with 
the voltaic battery, that electrical action is identical with chemical 
affinity. 

In pursuing his investigations into the nature of the action of 
the voltaic battery. Sir Humphrey Davy ascertained that the 
intensity increases with the number of the plates, and that the 
quantity of electricity excited is dependent on their size ; a fact 
which was subsequently verified by Mr. Children, who, with a 
single pair of very large plates of zinc and copper, was enabled 
readily to melt the most infusible metals. 

Armed with such a powerful decomposing agent as the voltaic 
battery, numerous chemical experimentalists pursued their re- 
searches into the elementary constituents of bodies with great 
ardour. Dr. Henry decomposed several of the acids, and resolved 
ammonia into its proximate elements. Berzelius transferred the 
elements of neutral salts to their respective poles ; the acids 
being collected at the copper end of the battery, and the alkalies 
and earths being attached to the zinc terminus. These and 
various other results were published in the journals, and served 
to give additional stimulus to electro-chemical investigations. 

Whilst scientific men were anxiously looking for important 
results from the inquiries thus sedulously pursued, there appeared 
in the Philosophical Journal a letter signed E. Peel, of Cambridge, 
announcing that, in liis experiments on the decomposition of 
water, he had invariably found the pure water with which he 
commenced operating impregnated with common salt. Tliis 
announced generation of salt by the action of the voltaic battery 
excited a lively sensation amongst philosophers in most parts of 
Europe, Some applied themselves to verify the e^sy^Yvcaawt, 



<6 lilbimi ^lecntltted on €h« n«w liglit mipponed to he than 
mwniin tlje tauaeof tlieBaltiu-aa of the sea. Tin? iiummucemeut 1 
•as, howcYur, soon afti^rwiinls detected to be tt Uoax, tliere being I 
a ]teraan oi' tlie some of Peel at Cambridge. In the meantim^y 1 
wiale tLe coucocter of this practical joke was pi-obably enjoyiug..! 
' B Bueceae, esperimentalists liad octuaUy obtained the reRulta>l 
irliicL he had published aa a wildly extravagant notion. It was I 
kecert^ed that distilled water, after having been acted du foe 1 
I time by a voltaic current, contained in evety ca»e on I 
Rppredable quantity of »alt This proved a most perplexing; I 
tUscovety. The apparent creation of matter by voltaic actioa J 
"" '' ■ > account for, as in later days has been th«,l 
mparent creation of living insects by the same agency. Sir J 
mphrey Davy entered ardently into the investigation, and I 
r a continued series of carcfkilly conducted experiments, he I 
kBcertained that the salt or earthy matter eliniinat«d was ex- I 
bracted fivm the substance of the threads employed, or waa I 
Owing to the jiartial decomposition of the glass vessels in 1 
vhlch the experiments were conducted. The more carefid ' 
' s Tas in avoiding those sourcee of error, the water became 
nore 6*06 irom saline particlesj and when fibres of pure 
3 substituted for thread, and agate cupa for glass, 
1 trace of alkali or earthy matter was to be detected in tJtO j 

It was in pursuing these researches that Sir Humphrey Davy I 
as led into the course of experiments which terminated in 
ids brilliant discovery of the metallic bases of the alkalies and 
eartlis. The circumstance that the origin of one of the most 
important discoveries may be traced to the senseless trick of aii 
unknown individual, presents a remarkable feature among the 
curiosities of science, and affords a,mple food fur reflection to the 
philosopher on the elimination of valuable truths 
mm. &lBehood and error. 

not strictly within our province to notice the labours of 
* experimentalists ; but the decomposition of the alkalies 
earths exhibits such striking examples of the chemical 
of voltaic electricity, that the discovery of their bases 
may be fairly considered to belong to the history 
progress of electric science. 

m the first announcement of the discovery of the voltaic i 

Sir Humphrey Davy foresaw the vast imjwrtance of] 

chemical researches, In a note-buck dated I 

))th, 1 800, he wiites : " I cannot close this notice without ' 

grateful to M. Volta, Mr. Nicliolsnn, and Mr. tras\v^ 

baa placed such a wondeiiiuV and ' 
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instrument of analysis in my power."* In his first Bakeorian 
lecture, six years afterwards, he expressed the hope that "the 
new mode of analysis may lead us to the discovery of the trve 
elements of bodies, if the materials acted on be employed in a 
certain state of concentration, and the electricity be sufficiently 
exalted. For, if chemical union be of the nature which I have 
ventured to suppose, however strong the natural energies of the 
elements of the bodies may be, yet there is every probability of 
a limit to their strength ; whereas the powers of our artificial 
instruments seem capable of indefinite increase." t 

In conformity with the notion of counteracting chemical 
attraction by electrical agency, he instituted a series of experi- 
ments on potass, with a view to its decomposition ; the compound 
nature of the alkalies having been for some time suspected. At 
fii-st he experienced great difficulty in getting the electric current 
to act on the potass, which when in a solid state is a non-con- 
ductor of electricity, and when acted on in solution the water 
only was decomposed. The first successful results were obtained 
by employing fused potass; inflammable matter was then de- 
veloped, which burst into flame the instant it was formed. The 
complete success of the investigation occurred on the 6th of 
October. The following brief account of the discovery is con- 
tained in a manuscript of a lecture delivered at the Royal 
Institution : — 

" Experiments. Then a piece of potass, moistened, and to my 
great surprise I found metallic matter formed. 

" Oct. 6th. This matter instantly burned when it touched 
water, swam on its surface, reproducing potass. In dry oxygen 
gas likewise it burnt into perfectly dry potass." J * 

" The extreme delight which he felt when he first saw the 
metallic basis of potass," observes Sir Humphrey Davy's brother, 
" can only be conceived by those who are familiar with the 
operations of the laboratoiy, and the exciting nature of original 
research ; who can enter into his previous views, and the 
analogies by which he was guided; and can comprehend the 
vast impoi-tance of the discovery in its various relations of 
chemical doctrine ; and, perhaps, not least, who can appreciate 
the workings of a young mind with an avidity for knowledge 
and gloiy commensui^te. I have been told that when he saw 
tlio minute globules of potassium burst through the crust of the 
])()tass, and ttike fire as they entered the atmosphere, he could 
not contain his joy — he actually danced about the room in 

* Memoirs of the Life of Sir Humphrey Davy, Bart^ by John Davy, M.D. 
f Ihul X Ibid. 
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itAtic deKght, and that some little time was required for hntt' 
compose himwlf sufficinntly to continue the expuriinant" 
ThB battery pnwer employed by Sir Humplirey Davy 
e&ctiiiK t^^ briUiunt reituJt consisted nf a combination of 
irenty-foiir plates of copper and zinc twelve inches square, one 
luadred plates of six incbeH, and cue hnndred and fifty of four 
Dchea. An it is a pnciiliar property of the voltaic battery that 
lie qnantity of electricity traasmitted by a Beriea of plates ia 
lependent on the size of the Hmallest plate of the series, it 
allows that the power thuB brought to bear was equal to tjiat 
rf a battery of 274 pairs of plates of four inches nquare. The 
:rs of the Royal Institutiou afterwards placed at his die- 
«al a voltaic battery of 600 double plat«a four inches square : 
id a still larger battery, conaiating of 2000 plates, was oon- 
racted by subscription for his use. 

The important diflooverieB of Sir Humphrey Davy, by means 
the voltaic battery, caused increased aUention to he paid to 
valuable agent in chemical analysis, and voltaic lutteriefl 
made on a larger scale than any that had previously been 
(matnicted It is related that when Napoleon heard of the 
Ittcomposition of the alkalies by an English phUoaopher, he 
Kigrily questioned the aavana of the Paris Institute why the 
IiBCOTery had not been made in France. The excuse alleged 
the want of a battery of sufficient power. He immediately 
manded one to be made ; and when completed ho went to 
Institute to see it With his usual impetuosity, the Eknperor 
ed bold of the wires, and before he could be checked hy the 
ttteadant, apjilied them to his tongue. His imperial majesty 
mtB rendered nearly senseless by the shock; and aa soon oa he 
neovered from its effects, he walked out of the laboratory with 
M much composure as he could a-isunie, not requiring ^rther 
experiments to test the power of the battery; nor did he ever 
afti^rwards allude to the subjects" 

With the powerful voltaic batteries that were then constructed, 
tliu course of investigation into the constituent parts of boilies was 
steadily pnraued; and numerous compound substauces yielded up 
thuir elements to the decomposing influence. SubstJtnces that 
had resisted the greatest heat of the fomaoe were readily fused, 
sod even the diamond was burnt in the voltaic arc, and its 
chemical character was identified with carbon. 

Wo must nut omit to notice the attempt made during this 
jieriod by Sir II. Davy to practically apply voltaic electricity £ 
Uj" [irevention of the corrosion of the copper sheathing c 
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He had ascertained that when two metals in contact are im- 
mersed in a saline solution, an increased action takes place on 
one of the metals, whilst the action of the solution on the other 
is diminished. Copper, for example, undergoes corrosion in 
sea water ; but when zinc is in contact with it the corrosion of 
the copper ceases. Sir H. Davy applied this principle to copper 
sheathing, by protecting it with strips of zinc. The experiment 
succeeded scientifically by preventing corrosion, but it practically 
failed; for the copper thus protected became covered with sea- 
weed and shell-fish, which do not adhere to the corroded surface. 
Sir H. Davy was deeply mortified at the failure of this experi- 
ment in a practical point of view ; but it has led to the discovery 
of an alloy of copper that answers the purpose intended veiy 
successfully. 



CHAPTER IV. 

SiMOvray of Electro-Mngnetifnn — Increase of the forfo bj coila of wire — -Electro- 
^^^ mgiuts — TBngeDtiol sotjon of the furcB — InYeiiliou of the Galvanomeltr — lU 
. applteitliin to tvlegnphic pnrpwo — DiacoTciyaf Mngiiclo-Eleclridt; — Mngtiata- 
ettctrical machineB— Thnriao-elsctridt; — Faniditj's experimentij nHnrdiai — 
Introduc^n of nt-v letoiB — Dauiell's cotiBtnut IxtMrj' — UlKover; of itis eloctio- 
t;pe pToceia — Dnelopment of elentricltf from blgb pnwult Bteom — Pnanit 
atUe of ekctrio scieuca. 

^HOtJGE the investigations, conducted with the powerful meuiB 
M>miDa.nd, elucidated nmnj interesting facts, no remarkable 
discovery owTurred for severul yeHra; and Dr. Boatock, in hia 
tiatory of Galvanima, appears to have considered tliat discoveriea 
by the agency of the voltaic batt«ry had reached tlieir end. His 
' ire : " It may be conjectured that we have carried the 
rerof the instrument to the utmost extent of which it admibi; 
1 it does not apjtear that we are at present in the way of * 
important addition^ to our knowledge of ite effecte, 
r of obtaining luiy new light on the theoiy of its action." Thia 
WHS written in 181(1; and in the next year a new light — almost 
s brilliant an any of the preceding flushes that had illununed itB 
^^irc^rcsfr — was thrown on electric science by the discovety of 
BlectFO-magnetiEm. 

That a close relation subsisted between electricity and mag- 
iBtdSm had boon known from an early period of its history, and 
^^^e identity of the two had formed a subject of discussion. 
E'ranklin and his contemporaiy electricians, for instance, liad 
communicated magnetism to small bars of steel by the charge of 
Bn electrical batteiy; and the power of the electiical batteiy in 
detteoying and reversing polarity was also known. 

It may be mentioned, as an indication that the question of 
B probable identity of magnetism and electricity excited con- 
' le atleution, that in 177^ the Electoiul Academy of 
t proposed as the subject of a prize essay ; " la there a 
1 and physical analogy between electric and magnetic forces; 
and if such analogy exists, in what manner do these forces act 
the animal body I" Tlioiigh the prize was gained by a pro- 
wr who maintained that the two powers were essentially i 
tiact from each other, there were not waiitvag c(SEa\*^\\«a 
a aa strenuomly mauiiamecl tJiat tlie forces wete &fe swa| 
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though modified by special circumstances. The impression, 
indeed, of the identity of electricity and magnetism continned 
very strong ; and it is remarkable that no well-conducted experi- 
ments were undertaken to ascertain more closely the relations 
between the two forces. We heard it stated by Faraday, in 
one of his lectures at the Royal Institution, that when he was 
first connected with that institution, Davy and Young were 
frequently making experiments with the view of establishing 
the identity of electricity and magnetism, but that being misled 
by preconceived theories of the action of the force, they adopted 
nearly every conceivable mode but the simple one of holding a 
balanced magnetic needle over a wire transmitting a voltaic 
current. 

Professor CErsted of Copenhagen, to whom the world is indebted 
for the discovery of this new and practically useful department 
of science, published a work in 1807, in which he described the 
analogies between magnetism and electricity, wherein there 
occurs the following remarkable passage : " In gedvanic action the 
force is more latent than in electricity, and it is still more so in 
magnetism than in galvanism. It is necessary, therefore, to tiy 
whether electricity in its latent state will not affect the magnetic 
needle." It does not appear, however, that CErsted actuaUy 
tried the experiment indicated in his book ; nor does any one 
else seem to have made the trial, though we now know that the 
question would have been determined by merely placing a mag- 
netic needle over the wire that formed the circuit of a voltaic 
battery. It was not till 1819, twelve years after he had pointed 
out the way to others, that (Ersted followed the course he had 
indicated. By bringing a magnetic needle in the direction of a 
voltaic current, he ascertained that the conducting wire is itself 
magnetic. He found also that the nature of the conducting 
medium is immaterial to the result: that whether the voltaic 
circuit be completed through metals or through a fluid, the 
magnetic needle is equally affected; it being deflected in one 
direction when placed over the conductor, and in the opposite 
direction when under it. 

The discovery was no sooner made known than all those wha 
were engaged in scientific researches throughout Europe ptmsued 
the inquiry with diligence, and continually elicited additional 
facts, which bestowed increased importance on this correlative 
branch of electric science. Messrs. Ampere and Arago, of the 
French Academy of Sciences, having discovered that the direction 
of the magnetic force is tangential to the wire, they succeeded 
in multiplying the power by twisting the conducting wire into 
a spiral coiL In thiB manner the actioii of the voltaic cxm^^^ 



m froqnentfy T«pMti>d n^tids « smtill m-m. By ndoptme thin 
armugement anfficirnt magnetic fort* wiw olitoinoil to attraot ] 
iron jilings to the coiL It vna iu Sejitenilier of thc^ same year tliot t 
Prufceaor CEratod's discovery waa kuowu, M. Ars^o commuul- J 
eated to tiie Frt.'ncli Academy tliat thu eledj-ic cwrent posaessQS J 
tbe [mwer of iu|Mrtuig uuignt^tisni to inm and steel ; and l^r ' 
HnmpliKy IMvy asrmlaiueU mdeiMtudently the same iiuportaat | 
&ct, tkuugb somewhat later. 

B diauovered tliat the ooil of »-ire thnnigh which tha J 
T^taic vm'r«nt was trajiBiuitted in these t^xperinieats opumtttd ] 
in all respects like a magnet ; but that the action ceased iustttu- \ 
ianeously when the current was intemipted. The power of tht J 
«oil was fouod to be greatly augmeuted by introducing a bar of 1 
iron within it, to which bar magnetic properties were instant^ ] 
lunicated ; hut if the iron were pure and scift, those pro- j 
peities ceased the moment that the electric circuit was broken. < 
Tlie nearer the whorls of the coil were brought together with- 
l touching, the effect wb« tbiuid to be more ooncenttated. 

rivent the ciimmuiiicution of the eleetrici^ laterally iu the 
of the coil, the wire was insulated. Varnish waa em- 
^0]^ for tliis piupose in the first inatance, and afterwards 
"V Ot OOtton WHS wound round it, to avoid metallic contact ; 
b slight degree of aeparation being sufficient to prevent the '. 
duction of voltaic electricity. I 

TIm insulation of the wire, tiifling as the improvement i 
mp<isrs to be, afforded the means of increasing the power of 
uectro-magnetiam to a most astonishing degree. Not only 
tnild the wire of the coil be twisted close together, but it could 
le wound upon itself many folds in thickness, each additional 
tjee of wire giving increased magnetic effect. In this miuiner 
tlawtxo-magnet^ coiild lie formed with sufficient attractive power 
> Kft upwards of a ton ; yet this attraction, ao &r exceeding 
lat of any artificiat magnet that can be made by other means, 
ssee the instant that the connection is broken between tliu coil 
if wire Bumiunding it and the voltaie battery. 

The multiplication of tlie force of an electric current by I 
raosmitting it through coils of insulated wire, developed in 
a extraordinary manner the effect of induction, which had. been 
' 1 ti'ansmitting an electric current through a wire of 
at length. It had been noticed that the spark aud snap I 
re much greater on bi-eaking contact through a long wire, i 
m it WHS wheu the current waa paaaing through a short one, i 
IB anomalous fact was aacertulned to be owing to the indue- I 
D of » separate current ia the long wire, wbicYi «Se*A. 'jQ'ii'\» 1 
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parallel to the first with its two ends connected. By that 
arrangement the electric current was transferred from the wire, 
through which connection was made with the poles of the voltaic 
battery, to the other, through which no electricity whatever 
was (firectly transmitted. When the two ends of the second 
wire were brought together and separated at the same instant 
that contact was broken with the voltaic battery, a bright spark 
was observed at the point of separation, and scarcely any spark 
appeared between the points of the primary wire which trans- 
mitted the voltaic current. This seccmdary currerU, as it is 
called, was found to be greatly increased by coiling the second 
wire round the primary one in nimierous convolutions. By 
employing great lengths of very fine covered wire coiled in thw 
manner round the wire through which the voltaic current is 
passing, the most astonishing effects may be produced. The 
quantity of electricity excited by a single pair of plates, may by 
this means be converted into intensity electricity, which com- 
mimicates violent shocks, and exhibits most of the phenomena of 
frictional electricity. 

Professor CErsted having ascertained that the electric current 
in passing through a conducting wire acts on the magnetic needle 
transversely in every position in which it can be placed, he 
inferred that the magnetic effect of the electric current is to 
induce a tendency to circular motion round the wire. M. 
Ampere entertained the same view. Dr. Faraday contrived an 
ingenious apparatus for showing not only the rotation of a 
magnet round a conducting wire, but the rotation of a conduct- 
ing wire round a mjignet. This seemed to confirm the pre- 
viously announced theory of M. Ampere, that magnetism is 
induced by circular cun'onts round the magnetized bodies ; and 
it appeared also to introduce an anomaly in the action of 
moving forces, which are always exei-ted in straight lines. The 
ap})arent anomaly may probably be removed by resolving the 
circular motion, like that of all other bodies moving in curves, 
into the operation of two forces acting in different directions. 

The commimicution of rotary motion by electro-magnetism, 
and the powerful atti'active force called into action by electro- 
magnets, were eoiLsidered to indicate a new and valuable source 
of motive power, that could be applied directly to the produc- 
tion of rotary motion. Numerous attempts were made to apply 
the power to useful purj)oses as a substitute for steam. Tlie 
notion is not yet abandoned, though there liave been hitherto 
no practical results that lead us to exjx^ct the object will l)e 
attained. 

A most valuable instrument in conducting reaearch<i?\ in 



bitalc rfectricity was contrived shortly nfter ttie iJiscovory of ^ 
'le ningm-tic influence of the voltaic battery, and dejk^iuibig on r 
ittt inBuenoe for its action. The low state of tenBion of voltaic 
jBCtricitj preveats it from being appreciable by the ordinary j 
ectrometer, excepting- when the intensity is increased by the J 
mbination of an extensive series of platee, An attempt v 
e by Mr. Pepys, in the very infancy of voltaic electricity, to 
in an indication of its force by increasing the aenaibility of 
e gold leaf electrometer ; and he so far Hucceeded that with a 
' i consisting of a. series of eighty pairs of plates, he produce<{ 
very decided deflection of the gold leavea, but the inetmiuunt 
Rirded no indication of electricity with a, smaller number. * 
The experiment that discovered electro- magnetism, at the I 
e time pointed out the means of measuring its force. When I 
« poaeibiiity of multiplying the eflfeot by means of folds of 
Biuftted wire twisted into a spiral coil became known, that 
b of concentrating the power waa quickly made available 
r giving increased sensibility to the magnetic needle. In this 
f instruments called galvanometers were constructed of 
h extreme senaitiveness as to detect very minute quantities of 

c electricity. 

Tbe invention of the galvanometer suggested the application 
■ tfaxt instrument to the purpose of communiatting telegi-jphic 
nls. That plan has, after numerous improvements, attained 
^ a d^ree of perfection, that by the varied deflections of two 
nometer-needles, communications are transmitted between 
B hundreds of miles asiuder almost as quickly as they can ' 
ntten down. The idea of employing electricity for tele- ' 
^^ _ C puiposee was indeed by no means new. So far back as 
74 a plan was proposed of transmitting signals through wires 
misug pith balls to \>e deflected when an electric discliarge 
nade; Subsequently the decomposition of water and the 
ai;ge of frictional electricity through insulated wires, were 
) available for the purpose. It was in 1830 that M. 
Bp&re suggested the application of deflected needles, and in 
of ^St. Alexander of Ediubut^h exhibited in London the 
A electric telegiaph on that principle. The plan was, how- 
tr, impracticalde, a.3 it required a separate magnetic needle 
itt aeparate insulated wire for each letter of the alphabet. 
W* ^oall not attempt at present to follow the course of tele- 
(I0UO invention, which will be folly dcscidbed when we come 
iMat of the practical applications of electricity. It is suffi- 
nt in this place to observe that since the application in 1837 

» Tirw||iiHrf/<wM{.JnM.l801. ^^^^^ 
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of M. Ampere's suggestion, there have been upwards of two 
hundi-ed patents obtained for different modes of telegraphic 
correspondence, most of them based on the same principle 
and depending for their action on electro-magnetism. By 
employing electro-chemical agency communications may now be 
instantaneously transmitted with a single connecting wire ten 
times faster than any one can write, and methods have also been 
invented of printing messages and of copying writing instan- 
taneously at distances three or four hundred miles apart 

In pursuing investigations into the phenomena of electridly. 
Dr. Faraday was led to infer that as a current of electricity 
induces magnetism, the magnetic force would induce electricity. 
Aided by the multiplying power of the coil, and by the sensi- 
tiveness of the galvanometer, he was enabled to prove the cot- 
rectness of the inference, and to establish the foundation of the 
branch of electric science termed rnoffrieto-dectricity. His experi- 
ments were conducted in the year 1831, and shortly produced 
important results. 

The induction of electricity by magnetism was in the first 
instance shown by connecting a hollow coil of wire with a gal- 
vanometer, and then inserting within the coil a powerful steel 
magnet. Whilst the magnet remained in the coil, the galvano- 
meter gave no indication ; but on quickly withdrawing the 
magnet, the needle was instantly deflected. A similar temporary 
deflection was observed to take place when the magnet was 
quickly introduced ; and in November of the same year Faraday 
derived still more complete evidence of induction by eliciting an 
electric spark. The effect produced by inserting and withdrawing 
the permanent magnet into and out of the coil of wire was found 
to be greatly augmented when an electro-magnet was substituted 
for a permanent steel one, in consequence of the greater facility 
of changing the magnetic condition of the coil. The instant that 
the iron was rendered magnetic, by making contact with ihe 
battery wires, the temporary transmission of electricity took 
place through the coil of wire which surrounded it ; and by TnaTring 
and breaking contact with great rapidity, there was a continuous 
succession of electrical effects. 

The electricity thus induced in the secondary current was as- 
certained to be of a high degree of intensity, and to pass in a con- 
trary direction to that of the primary current. The phenomena 
became more marked when the length of wire in the coil of the 
secondary circuit was increased. By adding greatly to its length, 
adegi*ee of intensity was obtained equal to that of a numerous series 
of plates of a voltaic battery, though the primary exciting cause 
which commuiucated magnetism to tbe iron.'w«La ouVf «». «aii!^^ ^^aja. 
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■improTed medniueal armngMiwiite, (he prinripte of ' 
ictro-dynaniic indiicticiii, brought to light by tlie eipcrinictita 
pAlad&y, has been mado to optimte as a nmst powerful exciter 
electricity, Magneto-electric machines have lieeu constructud 
'i permanent et«el magnets, th&t poaseHH the power of inteiiee 
ate batteries, and closely imitate the ell'ecta of friotional 
faicity in its most ucciuniilatcd state. The shocks given by 
le machines are ao strong ns to be insupportable. Tbey emit 
d sparks, and operate as decomposing agt'uta. The instru- 
it is also capable of being arranged as an exciter of quantity- 
jicity in a comparatively lower state of intensity, so as to 
e magnetism, and exhibit the other phenomena 
a to the voltaic electricity excited &wm a pair of plaf«8 
Urge eii«. This mode of exciting electricity, independently of 
I Miction of electrics or of chemical action, seemed to present 
f advantage of procuring a powerful agent with comparatively 
j&e labour and no cost of materials ; and attempts have been 
fjseqnently made, with considerable success, to apply it to 
^ctical purposes, which we shall have subsequently to notice. 
Hiou^ the world is indebted to Fttrada,y for the development "y 
ttte indnction of electricity from ateel magnets, the fact that 
■ 'aJ eflects could be so elicited had b^n imperfectly dis- | 
i at the beginning of the [iresent century ; but it had then . 
vTEBUlts, and was soon forgotten. The only notice of that 
povffly which we have been able to find occurs in the MofiOib/ 
nine for April, 1 803, to this effect : — " Galvanism is at ' 
»»t a subject of occufiation of all the German philosophers 
I (demists. At Vienna an important discovery has been 
louoced — an artificial niagnet, employed instead of Volta'a pile, 
caposes water equally well as that pile or the electidcal 
line, whence it has been concluded that the electric, galvanic, 
i magttetie fluids are the same." It is curious to observe how 
B in fiie course of time discoveries and inventions that have 
d away and been disrt^arded, because circumstances were not 
t eoited to their development, are revived in later years either 
tDCJdeot or by original research and ingenuity, and become 
orbmt elements in the advance of science and the progress 
tviluatioi]. We may notice also, in the preceding announce- 
Vt, that the (act of the correlative nature of the three forcea, 
\ has been established by the persevering investigations of 
im TihiloBophers, was anticipated fifty years ago. 
J? the purpose of not brealang in upon the outline of the 
VBt of electro-magnetism, we have passed by other dia- 
isideraWe importance to which it JB necesear^Kft 
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An additional source of electricity was developed, in the year 
following the discovery of electro-magnetisin, by Dr. Seesbeck, 
who communicated to the Academy of Berlin that he had sue- 
oihhIihI in exciting electricity by the disturbance of temperatura 
Ho ascertained that two metals-— antimony and bismuth being the 
nuvst effective — when soldered together at their extremities and 
thou heated at the junctions, wlulst the other ends are kept cool, 
prxnluce a decided deflection of the galvanometer. This property 
of tho inetals has no reference to their eJBiciency in voltaic 
:«rniugonionts, nor to their powers of conducting electricity. 
Tlio offtH?ts first produced by Dr. Seesbeck were derived from 
tho combination of four bars of antimony and bismuth in the 
tonu of a ivctangular frame, one comer of which was heated and 
tho otlior covei-ed with ice. 

Mossrs. Nobili and Meloni succeeded in constructing thermo- 
oloot rio piles by the combination of a series of bars of metal 
s^^ldonnl t^igether. With this apparatus most of the ordinaiy 
olootrioal phenomena have been produced, including the appear- 
rtn»^» of tho electric spark, the decomposition of water, and the 
xNMunuinioatiou of magnetic propei-ties. The quantity of eleo- 
tru^it Y ovolvod by this means is, however, very small, and thermo- 
^»l,sM rioity hiw yet assumed little importance. Some philosopheis, 
5',»\>\nor, are inclined to attribute to the action of this power 
\*^/ !u!liorU) unexplained effect of the magnetism of the earth 
V '/'. »uo oh»otric currents are supposed by them to circulate 
»x--.v. I (ho ^K)be with tlie heating rays of the sun, and thus to 
" 'isx' MiMijnotisni at the poles. 

I .'Mx; |»it»vioua to the discovery of Dr. Seesbeck, the influence 
.. '-..u \M rxi'itiiig eloctricity had l)eeu a.scortained, though the 
\ ■ •x\^•^l^\' was thou limited to its eftocts on crystiiUine bodies. 
I . :. I. M. Iii»nioiy exhibited to the French Academy of 
',. . ..x-.i. .\ s(oiu\ supposed to ]je tournuiliii, which, when he:ited, 
\sA \\i{\\{ siibstsiuces ; and the Duke de Noya iHirlbrmed 
N .tsMiUiil t'xporinients with that ciystiilline body ; but it 
l.'Mmr. wlio tii-st showed that heat or fiiction was neces- 

I 

.. j"x'.liu-o tho ])houomena. The Abbe Haiiy, celebrated 

» . .x...-.ii%l»ovi in orvstiillogmphy, found that the electricity 

I. I.'-.' ni lUu doon'iusod rapidly from the ]M)les of the crystal, 

.».■ \\'»,i\ ImoUou, each fragment is electrical, and is in a 

'.'i' x^'Uilition. He afterwards discovered that topaz 

. .s '.'ut »vNst a Is of similar conformation exhibit signs of 

■. ^ \» *i. u iu-atiMl. Sir David Brewster has more recently 

, . . V si i.u it»o :.anio j)roperty extends also to the ciystals of 
, ..1... 
/ .,...'•,• lH»ilio.s which could thus be «k^tA^vl ow \>^ \i<iiat 
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i ViStH py«-*lee*i4erf. As tiwir ]^«Mnena <l«pei«l on 'dw 
le exciting cause tM that which produce (ilectridty in vaimbly 
luetftls, thpv mny V* couBidrrcd ss belonj{iiig to 
nno-electricity ; ami we hiive ileferred noticing tiiein till tliey 
Id be dassoii together witJi the cryHtaUine metals that bocouie 
Arical by hetit. 

rofesBor Fararlay cimiHenced in 1832 a series of experimental 
uvhes into tlie natnre of ele<rtii>-eheniical action, the results 
rMch were published from time to time in the PhUoaojtMcal 
auactioru, and constitute moat valuable coutiibntiona to 
Btrio science. One imjiortant point which these researches 
d to prove is, that in the conrge of electro-clemical decom- 
ition the elementary atoms of the compound substance 
i transferred irom atom to atom of the fluid, in 
cmtinuous chain from one pole of the battery to the other. 
! condnction of voltaic electricity through fluids is tlius 
ndered to be dependent on a successive series of decura- 
itions and reoompositiuus in opposite directions. Another 
Knrtant point which these researches may be considered to 
e establMied is, the law of definite electro-chemical action ; — 
t "for a constant quantity of electridty, whatever the decom- 
ing conductor may he, whether water, saline solutions, acids, 
A bodies, itc, the amount of electro-chemical action is also a 
Btuit quantity, i. e., would always be equivalent to a standard 
Biical effect founded upon ordinary chemical affinity."* 
According to the views of Professor Faraday, electro-chemical 
bompoeitioD ia occasioned by " an internal corpuscular action 
ited according to the direction of the electric current ; and 
t it is due to a force either superadded to or giving direction 
the ordinary chemical affinity of the bodies present" He 
leaves, therefore, the effects of the decomposition "to arise 
t taaxB wliich are inlemal relative to the matter under 

3 position — and not external, as they might be considered if 
y dependent upon the poles." 
O express these views of the action and direction of the 
M exerted during electro-chemical decomposition, Faiaday 
Lccived that the terms previously employed were insufficient ; 
t^refore determined to introduce a nomenclature suitable to 

> Inodes of action indicated. He obtained the assistance of 

> dKSUCal friends to aid him in this undertaking, and the 
^t was the application of several Greet terms to denote piiv 
lea and things wliich had been long known by other names, 
maf seem presumptuous to question the propriety of th« 
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ciiurse adopted by that eminent philosopher, but so strong u 
our impression of the injurions effects of multiplying teims, 
requiring constant explanation, that we venture to express oiir 
ci>nviction that it has tended unnecessarily to encumber the 
study of electricity. 
/ ^ The nomenclature of every science ought, in our opinion, to 
l>e extremely simple, and if possible, clearly expressive of the 
chanictor or action of the thing or process designated ; nor do 
we i^ereeive any equivalent advantage gained by the adoption ol 
the words of a dead language, which often serve no better p^l^ 
|x>se than to conceal by their unfamiliar sounds absurd, pucorile, 
or questionable designations. 

The terms prfiviously in use to express the different electrical 
])h('nomcna and conrlitions were so various as to afford ample 
choice to those who entertain differing views of the nature and 
actions of the electric fluid. There were "/?/«« and mima^* 
*• positive and negjitive," " vitreous and resinous," to express the 
kinds of electricity excited; — and "electrics," " ideo-electrics," 
*' non -electrics," "conductors," and "non-conductors," to ini- 
ciite the electrical qualities of different substances. When 
voltaic electricity gave rise to new terms, the copper or zinc 
" end " of the battery was an intelligible English expression to 
denote what those more fond of classic names called " terminal," 
and which afterwards received the name of " pole." Possessed 
of this abundance of expressions, we do not conceive that any 
gix^d puqx)se is answertMl by adding to the list a number of 
GrtH'k wortls and terminations to express supposed analogies in 
the action of the voltaic l)attery. Faimday himself had evidently 
misiriviuijfs on tho subject ; for after explaining the meaning of 
the new teniis, ho adds : " I do not mean to press them into 
servii-r more frequently than will Iw required; for I am fully 
:i\N ait' that names are one thing, and science another ;" and he 
iiftorwards found it advisable to change some of the terms 
for "surh as were at the same time simple in their nature, 
vloar in their refei-ence, and free from hypothesis."* It is 
to W wisht'd that he liad from the first acted on his own 
jiul*,niieut and knowledge, without being guided by his learned 
Irit'uds. 

As it is our intention to present a clear and intelligible view 
of tlii' siivni'o i.f electricity fi\^e from unnecessfiry technicality, 
wt' sliall envleavour to avoid using any portion of the no- 
nunilatuiv. constructed by Professor Faraday's i)liilological 
friends ; but lus tlurse terms Avill be often met with in other 

• SxjjerimeiUal Researches in Electricity^ vol. i., ^ 6G6. 



iIb on &e sol^Mt, ^tey most tui b« puned b^ uiuiotieed. 
; Uierufove ftdupt tbe following AbbrcviuU^il eiiplaiuitiun by 
■. NoaU:'— 

" Wluvt are called the jjofes of tbe voltaic batteiy are merely 
) surfaces or doors by wbich the electricity enters into or 
» oat of the substance sufieriug decompositioii ; Fai'adity 
e proposes for them iltclrodct, from iXtnTfai and bBdc, a way, 
g tiiereby the eiibetance or snrt(u«, whether of lur, \mW, 
or any other substance, which serves to convey an electric 
it into und from the decompuEiDg matter, and which bounds 
xiat in that direction. 
' The Bui&ces at wbich the electric current enters and leaves 
eotnoposing body he calls the anode and calbode, from osta, 
dt, and sis;, a teoff — fAe way which the ean rises ; and *st*, 
mvards, and Hoc, a way — the way which the gun sets. The idea 
jg tdkell from the eartb, the magnetiam of which is supposed 
be due to electric currents pa^^siug round it in a constant 
I from east to west" — "The anode is, therefore, that 
le at wbich the electric current enters ; it \a the negative 
•.y of tlie decomposing body ; ig where osygen, chlorine, 
la, &C., are evolved, and ia againat or opposite the positive 
itrode. The cathode is that surfece at which the current 
H the decomposiug body ; the combustible bodie», metals, 
lea, and bases ar« evolved there, and it is in contact with 
OC^ative electrode."- — " Compounds directly decomposable 
B electric current are called eleetroli/tei, irom n^tiTMt and 
I to tttjret — to electrolgze a body is to decompose it electro- 
[oicaUy : the elements of an electrolyte are called u)rui,from lut, 
ticq>Ie of the verb iti^i, to go; amont are tiie ions which make 
ff appearance at the anode, and ealwiu are the iiins widcb 
ie flieir appearance at tbe cathode, and were termed the 
itro-positive elements." — " Mr. Caniell proposes liirtlier to 
' guish the doors by which the current eiiterrs and d<.-pttrtn 
IS terms zincode and platinode; the former lieing the |Jat« 
h occupies tbe position of the generating jilal* in llie baltwry, 
I the latter of the co&ducting plate." 

We have abstained from nutidng the many aheiationa and 
H^orements in the form and cutistruction of the voltaic luttvry 
t Iwve been introduciMl since tlic^ 'irigixinl discovery by Volte, 
tiy because thuiit wbicli are of practical iin|iortjuuK will be 
trwarda described, and p<irtly abri tiecauae luch iuiprvivementu 
not of a character to produce any notable impnwiion ' ' ' 
ne of eIectri<aJ disotrvery. The " onutiiiit " battery o 
for Oaniell, however, inveatnl ju 1832, rw\uin» to 'a 




in this jdace ; not only &om tliu distinguishing prindplea of H 
action, but from its influence on the discovery of the process 
of electro-metallurgy. 

In the arrangement & couronne de lasses of Volta, and in all 
Buhsequent contrivance for exciting voltaic electricity, the action 
of the battery diminishes rapidly after the fii^t minute. This 
is attributable to the combined causes of the collection of 
bubbles of hydrogen gna on the conducting plate, and the deposi- 
tion of the oxide of due Professor Daniell, "with a view to 
remove these obstructive effects, separated the fluid in which 
the zinc phite was immeraed fiom that of the copper by an 
animal membrane, the interposition of which did not i-etai'd the 
passage of the electricity, ■whilst it efiectually prevented the 
deposition of zinc on the copper plate. The collection of bubbles 
of hydrogen gas on the latter still, however, operated against the 
perfect action of the battery. To remove this impediment, the 
copper plate was immeraed in a saturated solution of the sulphate 
of copper, which was kept separate from, the acidulated solution 
surrounding the zinc plat« by the animal membrane. By this 
arrangement the evolution of hydrogen gas was altogether pre- 
vented ; for as quickly as detached from its combination with 
the oxygen of the fluid menstruum by the chemical action on the 
zinc amface, it seized on the oxygen of the metaUic salt, and the 
metal before held in solution was deposited on the copper plate 
of the batteiy. Both of the previously existing causes of the 
diminution of the force of the battery were thus removed, and 
by keeping the solution in a saturated state, the action of the 
voltaic battery was steadily sustained. This " constant battery " 
of Professor Daniell has proved a valuable aid in prosecuting re- 
searches and in conducting processess that require the eontinuanca 
of voltaic action for several days with the same amount of force. 
The deposition of pure metallic copper from the solution of th» 
sulphate, and the increase in weight of the couducting-plate by tha 
aggregation of particles of copper, could not feil to be observed , 
trom the earli^ use of the constant battery ; and Professor J 
Daniell noticed that on the removal of some portion of the depo- I 
sited copper, the parts detached pi-esented exact copies of tho J 
irregularities of the surfece of the plate. Mr. De La Rue, whoJ 
indeed preceded Professor Daniell in the use of a solution Ofj 
sulphate of copper as the exciting fluid of an ordinary battery, 1 
sent a communication to the Philosophical Magnaine, published i& I 
December, 1836,in which he mentions particularly the remarVaUeS 
appearance of the deposited copper : " So perfect," he observes, "» I 
the sheet of copper tmis formed, that on being stripped off, it ' 
the polish and even a counterpart oS eveij ^rara-tet. ot tlw p 
Oil which it was deposited." 



Ire pwoetre, therefwe, how doeely Mr. De La Rne ha^I™ 
at the dvieoveiy of the electrotype process. It was, in 
the prciccwe itself; conducted, however, without appre- 
ici&tioii of its value, au J without any idea of its practical appli- 

In the earlieat period of the history of voltaic electricity, 
indeed, we find that Mr. Oruicksbatdis hud observed that metala 
' 'ed " from their solutions at the negative pole of the 
iwbteiy ; and in 1805 M. Brugnotelli etated that he had "gilt I 
in a complete manner two large silver medals, \ty bringing them, , 
1)y means of a steel wire, into communication with the negative i 
pole of B. voltaic pile, and keeping them immersed in ammoniuret 
'Of gold, newly made and well saturated." It was nut, however, 
till 1839 that any practical applicatioQ vnuf made of the depoai- 
of metak from their solutions. There are three competitors 
fiw tha honour of the priority of invention ; but each one has 
soerit of having originated it about the same time iudepen- 
dentiy of the others. M. Jacobi of St. Petersburg asserts 
tiat he discovered the process in February, 1837 ; but the 
Hnt notice of his experiments made known in this couutiy 
-WH published in the Ai/tenieum of May 4, 1839. In 1837, Mr. 
fipenoer of Liverpool had obtained a counterpart of the head and 
Iwten reversed of a penny-piece, which lie had fortuitously used 
oonducting-plate in his battery ; and on the week following 
publication of the notice of M, Jacobi'a experiments, Mr, 
noer gave notice that he should read a paper at the Liverpool 
Polytechnic Institation containing the results of his experiments 
1 subject; but the reading of it was deferred till 
'Bq)t6iaber. In the meantime, a letter in the Mechanic^ Magor 
from Mr. Jordan, a printer, gave a ftdl and accurate 
dwcription of the procesa. It, however, attracted no attention ; 
And the matter dropped nntU. Mr, Spencer's paper was read 
Liverpool, illustrated with various 8j)ecimens of electro- 

The first efforts with the electrotype procesa in this comitiy 
'Vere limited to obttuniug fac-similcs of coins and medals in 
imitation of the specimens shown by Mr. Spencer. The art of 
cSectro-metallurgy has since been largely developed, and it ia 
advancing into new fields of action. Among other appli- 
cations it lias been endeavoured to employ it as a substitute for 
labour in the fabrication of all kinds of copper vessels ; 
but we believe the operation was found more coatly than thej 
dinaty mode of manu&cture. ^| 

^ectoo-cheiaiaaJ laet&Uie deposits have been sxicccag ^B 
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transference and multiplication of elaborately engraved plates, 
and even the delicate pictures of the Daguerreotype have been 
solidified by this means. But the most extensively useful appli- 
cation of the process has been to silver plating and to gildmg. 
Electro-plating has been carried to a high state of perfection, 
and in many respects it possesses considerable advantages over 
the old modes of operating. Electro-metallurgy is yet, however, 
in its infancy ; and though the experiment of fabricating metallic 
vessels by means of electro-chemical deposition has hitherto 
failed as a commercial undertaking, it is not improbable that 
fiu-ther improvements — especially the discovery of some cheaper 
means of exciting electricity for practical purposes — ^may event- 
ually render it an important branch of manufacturing in- 
dustry. * 
\( A new and very unexpected source of electricity was dis- 
covered in 1840 in effluent high pressure steam. The discovery 
arose accidentally, owing to the issue of steam from a fissure in 
tlie boiler of a steam engine at Sedghill, near Newcastle. The 
engineer happened to have one hand in the issuing steam, 
whilst he touched the lever of the valve witH the other, and 
was surpiised to see a bright spark, accompanied by an elec- 
tric shock. The same efiect was produced whatever part of 
the boiler he touched, provided one hand was in the eflluent 
steam. 

Mr. Armstrong, to whom the fact was communicated, insti- 
tuted several experiments with a view to develop the phenomena 
and ascertain theii* cause. He obtained sparks four inches in 
length from the issuing steam, by holding in it a bundle of wires, 
insulated by a glass rod, or held by a person standing on a glass 
stool. When the boiler was insulated and sparks were taken 
directly from it during the issue of the steam, the efiects were 
still more powerful. The electricity of the boiler when so placed 
was generally found to be negative, and that of the steam posi- 
tive. 

One of the extraordinary features of this discovery was the 
gi*eat intensity combined with quantity of the electricity evolved. 
Ml'. Annstrong in his experiments with a locomotive boiler 
produced efiects upwards of seven times greater than those from 
a plate-machine three feet in diameter, working at the rate of 
seventy revolutions in a minute ; and the apparatus at the 
Polyiiechnic Institution, which was constructed purposely for 
the evolution of electricity from high pressure steam, produces 
much more powerful effects. 

* See Napiefa Manual of E/cctro- Af etaflurgv* TVvvc^ e^vvwu 



"♦Ife* <nnm of iha dAvelopment of el«otricHy hy this tneandl 
s at fint conaidnred to be owiug to the mcreaaeil capaoity of 
I fc>i- the electric fluicl wLeu in its expiutded stato t)uui 
when oompressefl within tlie boiler ; and the phenomenou of the 
dtement of so large an lunoimt of electricity by chauge of state 
a thonght to aitbrd a Katislactory illustratioa of the generation 
if fttmospberic eleirtricity. This explanation waa so simple, and 
ppeared so completely in accordance with the Frankliniai) 
iheoiy of electri^ excitement, that it seemed to conmuuid 
(eUef ; and we must admit it was with con^derable reliictaiiof 
e felt compelled to abandon it. Profeaabr Faraday undertook 
I investigato the question ; and by a long Beriea of well-deviaed 
id carefully conduct«d experiments, he appears to have proved 
reiy conclusively, that in the evolution of electricity the steam 
8 only asecondaiy part ; and that the immediate cause of the 
lecfcrical excitement is the friction of particles of water against 
he aidea of the jet whence the st^'am issues. In pursuing the 
xperiments with compreased air and gases, as substitutes for 
otnpreesed steam, the same results were obtaiued when the 
libm and jets contained moistui'e ; but no electricity wa« appar- 
bt wben the air and gases were dry. 

An apparatus on a small scale for experimenting on the 
Ifietricity evolved by effluent steam is one of the wanta of the 
kboratoiy ; and without such means of investigation, the subject 
a not received so much attention aa it deserves. The great 
mount of electricity, of liigh intensity, that can be thus excited, 
i^ght probably by some more convenient arrangement be ren- 
lored practically uaefuL 
Since the diacovery of the evolution of electricity during the 
" ' n of liigh pressure steam, there has been no marked dia- 
in electric science. During the last ten years, however, 
i bave been numerow< ingenious applications of electric 
The power of electricity has been made to subserve almost 
1 klnda of piupoaes, from the transmisMon of tliought to the 
ofeizoance on musical inatniments. 

"We have endeavoured in the preceding sketeh to note and 
V intelligible those suocessive stages of discoveiy and of 
^^^ " ' ' ' Q which have given to electricity, though 

JBiqiantively a science of recent date, a rank as high, and a 
' iraober as important and interesting, as that of any other of 
t physical sciences. Though so much bos been done in 
L practically applying electrical phenomena, 
ij to be accomplisherl The field is yet ooL^ 
y ciiltivatM, a iarge tract remains unexptot wL m ' ^\a'Ja 
lasaeeeeding cultivators will 
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facts as extraordinary as any hitherto discovered. Their laboun 
may remove the veil that at present obscures the nature of tii€ 
connection between frictional electricity, voltaism, heat, and mag- 
netism ; they may point out the relations of this agent vdQi 
other physical forces ; and may elucidate the mysterious influ- 
ence which electricity is known to exercise on the functions of 
vitality. 



PART II. 



PHENOMENA OF ELECTRICITY. 



THE PHEl^OMBNA OF ELECTBIOITY. 



CHAPTER I. 



GENERAL PROPERTIES. 



K ttie forgoing outline of the history of electricity we have ] 
d ttie progress of the science from the first feeble spark to 1 
s identificatioii with the lightning's flash ; and thence — pur- I 
ita course into the vaat field which the excitement of ] 
B force by chemical action has opened — we have endea- 
1 to follow ita rapid strides since Galvani convulsed tlie 
^^ b of a frog, Volta constructed his wonder-working pile, Davy 
beomposed the alkalies and eai-tlis, and CEtated detected inag- 
itum in the electric current, till Faraday, reversing the process, 
IB tma magaetism eliminated electric &K. 

■We have now to describe more particularly the great variety I 
{electrical phenomena, and the means by which they are pro- J 
Incod in the pi-esent advanced state of the science. In doing J 
we Bhall proceed ntarly in the same order in which the I 
ng facts presented themselves in our historical sketch ; j 
nencing, in the first place, with the pbenomeoa of frictioiuil, 
J it is more frequently called "static electricity;" the , 
r term being applied to distinguish the action of die force 
Bicited by friction from that excited by chemical action. Fric- 
al electricity exhibits iteelf in a state of equilibrium, and J 
aine comparatively at rest, eKoeptiug during the 
i»/ge; whilst voltaic electricity appcai-a to \ie w 
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motion from one pole of the voltaic battery to the other, and 
has hence been called current electricity. 

The friction of a glass rod or stick of sealing wax, used by 
the early electricians as their only means of exciting electricity^ 
affords the simplest mode of exhibiting the phenomenon of 
electrical excitement. A glass tube about two inches in diameter 
and two feet long answers the purpose very welL It shoidd be 
made perfectly d^, and be then corked at each end ; if varnished 
inside, to prevent the condensation of moisture on the glass, it 
will be better. Several folds of black silk, on which a metallic 
amalgam of mercury, zinc, and tin, has been spread, forms the 
best rubber. On rubbing the tube briskly with the silk, after 
both have been first warmed, electricity will be excited in almost 
all states of the atmosphere ; and when the weather is fine and 
frosty, loud cracklings will be heard. In the dark, flashes of 
light will be observed darting from the tube to the hand that 
holds it ; and on presenting the knuckle within an inch or two 
of the excited glass, sparks will be emitted, accompanied by a 
slight tingling sensation. 

When a downy feather is held at some distance from the 
excited tube, the fibres are attracted towards it, and the 
feather rushes to the glass. In a short time, however, the 
downy parts will be observed to separate from each other, and 
the feather, becoming charged with electricity, will fly off nearly 
as Kipidly as it was attracted The feather when thus repelled 
from the tube, may be driven about the room by bringing the 
glass tube near it, by which it will continue to be repelled until 
it has parted with its charge of electricity. 

The feather, when in a charged state, exerts an attractive 
force on all surrounding bodies equal to that with which it is 
attracted towards them ; and if another feather were suspended 
near, the two would rush towards each other with equal forces, 
and with velocities inversely proportioned to their respective 
weights. The same law also regulates the repelliB^ force ; and 
when two light bodies charged with electricity from the glass 
tube are suspended near to each other, they are mutually re- 
pelled. If two small pieces of cork, for example, or what is still 
better, two pith balls, are suspended by strings of equal length 
so as to touch, and they are then charged with electricity from 
the glass tube, they repel each other and keep apart until they 
ai*e either touched by a conducting body, or until the electricity 
is gradually discharged into the air. 

The properties of electric attraction and repulsion may be 
illustrated in a great variety of ways, some of which are ex- 
tremely amusing. If a number of small figures are cut out in 
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) of the paper 



ATTB ACTION AND REPULSION. 

tper, or carved out of pith, and tta excited glass rod be held a 
few inches above them on the table, the figures will immediately 
dancing up and down, and assume a variety of 
Jlpositiona. A favourite posture, if we may so express it, 
'these little figui-es, ia that of standing on the head or on one 
~ i, and presenting a foot towards the glass, their Httle fi-amea 
g agitated all the time with a quivering motion. From 
position of the figures may be learned the fact that first 
i to Franklin the means of drawing lightning from the 
The sharp edges and < 
tnta to draw off the electridty 
a the excited glaas tube, and I 
1 one of the figures in that 
lure is operating, on a small I 
le, in the same manner as the 
ttning-conduct^r on a ehureh 
Iqde when a thunder-cloud is 
'ng over it. This action of 
dges and points in drawing 
he electricity at a distance, 
tots ihe figures out out in 
__t from dancing so enei'geti- 
^ as those made of pith, and 
^1 lalls ftot more briskly than 
IK The experiment can bu 
vti better hy means of an elec- 
»1 toachine than with the ex- 
id tube, by suspending hori- 
nUlyfrom the prime conductoi 
aetal disc & few inches abo\e 
ht metal surface connected with 
3 Birth, on which the figures 
traced. By this arrangement 
dancers have more apace for 
V Isteial gyrations, and some- 
K wkUz togetlier very In.ugh- 



ments illustrative of elec- 
>«Mraction and rejiulsiuu may 
'gmatiy diversified when an 
itdoal machine is used, so as 

3 the quantity of elec- Yig. i 

if And to conveniently apply 

Among ihe apparatus commonly employed for esii3a\tav^ 
ijeicpBrfy in an am mmg manner ia a doll's head witti 'VoTagVavE. 
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When attached to the prime conductor of the machuu 
hairs stand erect, presenting an exaggerated represeutata 
fright 

tA dry glass tumbler bei 
chained by grasping it with the 
and presenting the inside to a 
fixed on the conductor. If it be 
placed over a number of pith 
on the table, the balls dance u] 
down with great rapidity. Eac 
is first attracted to the top or i 
sides of the glass, and thus heot 
Jig. J. charged, it is repelled or fells c 

table, where it discharges the 
tricity it has received, and is 
^^ attracted to the glass. In this 

ner the tumbler gradually parts 
Q- ~ •! 1 — -r the electricity, and the actions 

halls become more feebla Th 
side of the glass is equally cb 
with the inside, though negat 
and parts with its electricity i 
air or surrounding bodies in p: 
tion to the discharge of the in 
_ _ surface; it being a law of si 
^^* electricity, that one surfeoe of i 
; conducting body cannot be ct 

i or discharged without the other. 

I operation of this law will be exp. 

s more fully when we come to th 

n«.*. sideration of the phenomena o 

trie induction aad the Leyden jar. 

The bell apparatus for ringing bells affords a good illust 
of electric attraction and repulsion. A metal rod, fig. 4, 
horizontally to the prime conductor of the machine, ser 
suspend three or more small bells. When three bells so 
jiloyed, the two end ones are suspended to the rod by wi 
chains, and the central one is hung by a silk thread to in 
it from the conductor. Two small metal clappers are ah 
pended by insulating silk threads from the borizonta! 
When the machine is put in action, the bells at each end 
rod being connected with the conductor by metal connei 
become instantly charged with electricity, and attract the cla 
The latter being thus instantaneously charged are as q 
repelled, and ore attracted to the central bell, which is com 



i the table ly n cJiain thrtrngh which the dectricity pasBM^ 

» the ground. Tlie clippers arc then ogaiu attracted uid atrika j 

inst tbe outermost U'lls. By these liriak alternate attractiona ' 

I ntpulBiniis tli«j ktwp ringiiig as long its thu matihiiiu is in 

ion. It was by attaching a aet of bella uf this kind to hi§ 

jitaing-conductor, that Dr. Franklin received notion by their 

inging whenever a thuiider-cloud 'was paaoing over tht^ apptuutUB. 

One of the offecta vf electrical attraction is cxeiu- 
iified in its action on j-iinning fluids, by c-ausing them 

flaw more ijuickly. Let a metallic cup, for example, 
fig. 6, with a small hole ut the bottom, be auBpeuded 

B, chain from the prim.c conductor uf an electrical 

ihiiie, and p<iur a little water into it. If the hole 

K) siiuiU as t<i allow tbe watflr to issue only by drops 

rhtm the machine is not in aotdon, the flow will be , 

tensed to a stmam as soon as the electricity is excitsd. 

b water, iu tliia case, being charged with positive 

iKtricdty, it is attracted with increased force towards 

^^IB earth, and that force, added to the attraction of 

ntntatjon, produces the more rapid flow. *^*-*- 

The early electricians appear to have had no knowledge of 
mJations in the degree of conducting power, nor of variations 
of degree in I'Seetrieal excitement, in different substances. More 
heoent itivt'stig;itions, however, have shown that the different 
nown roinliK'toi'8 and electrics are blended together in such 
^appreciable degrees, that it is unpossible to say to which clam 
aue of the intermediate bodies belong. For instance, as all 
nttBtUkCes are more or less capable of electrical excitement, they 
llf^ consequently be all classed in the list of electrics, gutta 
tsdUt being at the head, and silver or copper at the bottom of 
w Hat. On the other hand, as all substances conduct electricity 

1 tkHuub degrees, they might all come within the class of con- 
ctora. In the latter case the order of position would be 
l^flrsed, silver being at the head of the list as the best conductor, 
i gutta percha, at the bottom, as the worst known conductor. 

i> Afferent, indeed, is the conducting power of the bodies usually 
'as conductors of electricity, that water, which ia 
a conductor, offers three million times more resistance 
Ktil© patisage of the electric fluid than copper. 
It is a remarkable &ct in the conduction of electricity, that 
^perfect conductors can eompenaale by quantity for their defi- 
Cjr in quality. Thus, asBnming that in equal volumes of 
Mr and wat^^r the latter wonid not conduct more than J* 
e-mill ionth part of the quantity of electridtj v 
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quantity of water in a pi-oportionate degree, the resistance in both 
cases would be equaL We shall have occasion to show, indeed, 
in speaking of electric telegraphs, that when the oondnddng 
power of water is brought to operate on an extensive scale, the 
resistance it offers to the passage of electricity diminishes to an 
inappreciable quantity. The difference in the conducting pro- 
perties of bodies is much more apparent in voltaic electricity than 
in the more intense state of fHctional electricity. The intensity 
of the latter enables it to force a passage resulily through the 
worst conductors ; but the thinnest film of varnish is sufficient to 
obstruct the voltaic current. 

The conductors and non-conductors of electricity are arranged 
by M. De la Rive in the following order. In the first column 
are placed those bodies classed as conductors, ranged in the order 
of their conducting properties, the best conductors being placed 
at the head of the li^ The second and third columns comprise 
the non-conductors of electricity placed in the reverse order; 
those at the top being the most imperfect insulators. Thus if th^ 
were placed in one column they would form a continuous range, 
from the top downwards, of conducting bodies, the metals bemg 
the best conductors, and shellac and gutta percha the worst 
It is impossible in fact to draw a distinctive line where con- 
duction ends and insulation commences : — 



COHDUCTORS. 

All the metals. 

Well burned charcoal. 

Plumbago. 

Concentrated acids. 

Diluted acids. 

Saline solutions. 

Metallic ores. 

Animal fluids. 

Sea water. 

Spring water. 

Rain water. 

Ice above 13° Fahr. 

Snow. 

Linng vegetables. 

Living animals. 

Flame. 

Smoke. 

Vapour. 

Salts soluble in water. 

Karefied air. 

Vapour of alcohol. 

Vapour of ether. 

Earths and moist rocks. 

Powdered glass. 

Flowers of sulphur. 



ELECTRICS. 



Dry metallic oxides. 

Oils ; the heaviest are best. 

Ashes of vegetable bodies. 

Ashes of animal bodies. 

Strong dry transparent 
crystals. 

Ice below 13° Fahr. 

Phosphorus. 

Lime. 

Dry chalk. 

Native carbonate of bary- 
tes. 

Lycopodium. 

Caoutchouc. 

Camphor. 

Some siliceous, and ar- 
gillaceous stones. 

Dry marble. 

Porcelain. 

Dry vegetable bodies. 

Wood that has been 
strongly heated. 



Dry gases and air. 

leather. 

Parchment. 

Dry paper. 

Feathers. 

Hair, wool. 

Dved silk, 

White silk. 

Raw silk. 

Transparent predons 

stones. 
Diamond. 
Mica. 

All vitrifactions. 
Glass. 
Jet. 
Wax. 
Sulphur. 
The resins. 
Amber. 
Gum lac.* 



* Gutta percha is one of the best non-conductors, though no place is assigned to it 
in this table. 



^VWi) have (imvioufi^ notSoed that thn beat electrics u« ^ ' 

^Wnret oiiditrtoTs of electricity, atia that all Biibatances may be 
^fensiilercd tu lit ultwtrics or nou-olectricB in itroportion to the 
BP^MBtafloe they offer to the conductiun of electricity. As gutta 
^nttoha ofien more' Kiaisbince to the paasa^ of eiectncity than 
'ta^ other body, it may oonaequently be considered the best eloc- 
^C ; and metols, being the beat conducton, should be the fai-- 
^lest femoved from the eoodition of electrical excitement. But 
file conditions of the two bodies may be reversed by inauhiting 
lite one and by covering the other with a conductor. A rod of 
gotta percha when inoisti;neil with water gives no indication of 
alectricity, liecause the water conducts it away the instant that 
lit is excited, and copper might be made to yield electricity if 
teoperljr insulated. H a rod of copper be fixed to a gutta percha 
likudlc, and the cupper be warmed and then rubbed with a 
^Jtsy thick rubber of wadded silk, or hare skin, it will emit a 
^^bt spark. The electricity exhibits itself differently, however, 
a that of an excited glass rod, for on account of the good con- 
g powers of the metal it parts with the charge at once, by 
igle spark, instead of giving a Bucoesaion of small sparks from 
t parts of the mir&ce. 

ems probable that electricity is always excited by friction 

f every circumBtance, though it is only observable in those 

tnces that have the power of retaining it on their surfaces 

'ng excited. The mere movement of the feet along the 

J sufficient to excite electricity ; aa may be shown by 

tug the hand on a delicate electroscope whilst the feet are in 

e experiment which led Du Fay to the discovery that there 

> kinds or states of electricity may be easily repeated. 

J caused a feather to be repelled from an excited glass 

Kcite a stick of sealing wax, and the feather which has 

;pelled by the glass will be attracted by the wax. Then 

; the glass tube in one hand and the gutta percha in 

ler, the feather will be alternately attracted and repelled, 

i with greater force than when a conducting body connected 

li the earth is brought near to either of the excited electricB 

I the feather. After a, succession of attractions and repul- 

e electricity of the excited glass and of the wax is dis- 

, the feather having acted as a discharger fivim one to 

lis experiment clearly shows that the electricity 

,ss, whilst it apparently i-epols bodies similarl 

ified, attracts those that are electrified by 

1 of mutual attraction is shown mOTii \ir\ft\ 
ided pith ball be aubatitijA 
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Fig. 6. 



feather; for the downy fibres of the latter tend to diss 
the electricity quietly from their distended points, and 
prevent the feather from becoming frdly charged. 

A still more satisfai 
-^ way of exhibiting the diffi 

actions of the two kin( 
electricity is to suspend 
pith balls by threads of < 
lengths from an insu 
metal conductor, as repre 
ed in fig. 6. The pith ba] 
are suspended from one e 
the horizontal metal cyl 
A, and insxdatedfrt)mthe < 
by the glass leg b, fixed i 
wooden base.* Touch th< 
A with an excited glass tube, and the pith balls will separat( 
will continue apart when the tube is removed, each one 1 
electrified with the electricity of the glass. If an excited 
of sealing wax be then brought near, the expanded balls 
collapse, even before the wax touches A. On removing th 
cited wax without touching the horizontal rod, the pith 
will again separate, and will be in the same electrical cond 
as before. But if the excited stick of wax come in contact 
the rod, or approach it so closely as to transmit a spark 
state of electricity becomes changed, and the balls will the] 
pand with the opposite kind of electricity. When the ex 
wax is afterwards brought near, the pith balls will expand 
widely instead of collapsing as they did before, and the ex 
glass tube, which previously made the balls expand, will 
cause them to coUa^^se. 

This experiment clearly shows that the electricity comn 
cated to the balls by the excited glass, difiers materially i 
attractive conditions from that communicated by the ex 
wax, and as the one kind of property is conferred by the 
and the other by the wax or rosin, the terms vitreous and resi: 
applied to the two kinds of electricity by Du Fay, are appar« 
very appropriate. We shall, however, in the next chapter, ei 
vour to show that the different phenomena may be equally 
and more simply ascribed to different states of the same 
of electricity. 

Shortly after the discovery of the two electrical condition 

• Very convenient and much more economical small insulating stands ar 
made altogether of gutta percha, and may be procured from Mr. Griffin of I 
£oiv, London, 
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e 'known dMtriCB ««re d««s«d MvonSng: to tfaf kintl nf e)ec 

icity eadi one excited. Such I'lajwifieatiou, however, wa 
ink found t« be very faliat'ious, fur tho kind of ele 
xited depends, with few exceptionH, on the nature of tlie ruUbi 
oployed. Even glass and rosin, -which are comadered the typw 
' tlie two distinct claaaes of electrics, may be mode to inter- 
lange th^r states of electrical excitement Olaas, for example, 
hao rubbed with the ftir of a cat yields resinouB electricity', 
id roan becomes vitrcoualy electrified when rubbed with metals. 
he fwe of a cat is the only knowii auhstance that does not alter 
B elecfcrical state with whatevar it ia escited. 
In the following list of electrics, those which come first excite 
itreonB or positive electricity when rubbed with any of those 
Mfe ftiUow, and reainoua or n^iative electricity when rubbed 
itli those that precede them : — 

Silk. 



Fnro 




Feithus. 


Wool 




Paper. 



fiongh glau. 

The change of electrical excitement seems to depend more on 
the nature of the surface than on the inherent quality of the elec- 
tric ; for in the preceding list it will be observed that glsM is 
Mitsvu when poluhed, and ia strongly negative when rou^ened. 
biS foUoiwing tablej given by Gavallo as the results of ex- 
lerttneuts, shows more fidly the changes effected by different 
Ubbers. It will be-observed, however, that the relative elec- 

d eonditiona do not exactly agree with thos 
%e forgoing list : — 






bnFk uf I ai. 



P(iiutiv« Eiery mibsCiinca but Ihe I 

(PiNHtiTe, D17 oiled dlk. sulphnr, m 

■' l Satire, -Wuollaii doth, pspor, vitx, tlia hnmBE hand. 

jPositiTe, Amber, a current of nlr, 

" INi^stice, DioniDnd, (be hnrnm biu'd. 

JPruitive, .ilAiiii. alk, Iratlier, bund. 

...Finer fa.-> than h&re skin. 



tkiiUk, m 



■Mb. 



...Piprr, band, hMr. 



(P™ii.e, 
-ISfe^tive, 

JPusitive, B 

" iNi^tiTe Knrg, metsls, bind. 

(Podtive Uelub. 

■ ISeptire, Furs, hand, leatbor, ololh. 



These facts respecting the change of electrical st^te from 
■""ive to negative are difficult to explain on anj ^jtesftiA \i'3V>>- 
""" ""^ " "' <rf ghitB irlach -we i' ' 
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further occasion to notice, presents, indeed, one of those mysterieB 
of electric science of which no satisfactory explaxiation has hitherto 
been afforded. 

One of the remarkable features of the two electricities is their 
intimate connection with, if not their dependence on, each other. 
Positive electricity cannot be excited without the excitement at 
the same time of an equal amount of negative ; nor can the latter 
be excited without the evolution of positive electricity. Thus, 
when a tube of glass held in the hand is rubbed with silk, the 
hand holding the silk has a quantity of negative electricity 
communicated to it equal to the positive electricity excited in 
the glass. In ordinary circumstances the negative electricity is 
not apparent, because it is conducted to the earth as quickly as 
it is evolved ; but when the person who is exciting the glass 
tube is insulated from the ground, sparks of negative electricity 
may be taken from any part of his body. 



CHAPTER II. 



DfDUmoN AND THEORY C 



IsdottioB of electricity at a diBtanca - 
pirtklu — The electmphonia — IdSw 
deMrometer — The uotiaensor — Oouli 
powHB of electrica— The two theorioa of electricity. 

It whs stated is the preceding chapter that one kind of electricity 
cannot be excited* without exciting at the same time an equal 
inurant of electricity of the opposite kind. This close association 
of poative and ni^tiTe electricity in not confined to the moment. 
Bar to the place of thair development, but it may be eaid to 
BXtend throughout all apace. When an electrified body is re- 
imved altogether trom the source of excitement, its presence 
indoNS in all bodies at a distance the opposite electrical state, 
when, for example, an excited 

^asB tube is placed at the distance p N 

nfa fbot from the end P of the 
Imdiontal insulated metal cylinder 
SP, furnished with pith balls at 
■i end, the balls will be imme- 
iiitely distended by the influence 
rftiie excited tube, though no 
tketriidty i» commiuucated to 
'fteA directly from the glass. On 
Bi6 removal of the tube the balls 
ooll^jse, and no trace of electricity 
(M be detected in the rod. But 
if the finger or any other conducting body touch the end N 
rtilst the balls are distended under the influence of the 
^ tnbe nciu- F, and the finger ia withdrawn whilst the in- 
Jaonoe ia exerted, then on removing the tube the balls will 
tended, the rod having received a charge of n^- 
Sve electricity. The electrical state of the balls may be easily 
terted by bringing the glass tube near them again, when they 
will be seen to collapse on its approach, instead of expanding ai 




66 PUENOICENA OF ELECTRICITT. 

Discharge the electricity from the rod and again bring the 
excited glass tube near the end P. Whilst the balls are dis- 
tended, let an excited stick of sealing wax be bronght near the 
same end, and they will partially collapse; but if the excited 
wax approach towards the other end, they will be separated still 
farther apart. 

In these experiments it will be observed that the approach of 
a positively excited electric towards one end of the insulated 
rod, imparts electrical properties of opposite kinds to the two 
ends of it. The end nearest the positive electric exhibits signs 
of negative electricity, and the farther end becomes positively 
electrified. The rod has not, however, received any charge of 
electricity, for the instant that the eledaic is removed it retunis 
to its natural state. The mei'e presence, therefore, of the excited 
electric induces a change in the electrical state of the rod, and 
coerces the positive electricity to one end, and attracts the 
negative electricity to the other. 

These simple experiments afford excellent illustrations of the 
important property of induction; and they should be, therefore, 
carefully studied in all their bearings. The fact has been satis- 
factorily established that every excited electric induces electricity 
of an opposite kind in all surrounding bodies; and that this 
influence is exerted through the air or any other non-conducting 
substance with instantaneous rapidity. There is no actual oom- 
muuication of electricity in these cases, for the bodies in which 
electricity is induced lose their electrical condition the instant 
that the excited body is withdrawn. 

Tliis exei-tion of electric force on bodies at a distance, bears 
some analogy to the transmission of light through the air without 
illuminating the tmusparent medium through which it passes. 
According to Pi*ofessor Faraday's view of inductive electrical 
action, however, tliere is a connecting chain of polarized particles 
extending through the non-conducting bodies by which the 
influence is transmitU'd. The inducing force is considered by 
him as being tmnsinitted to a distance through the intervention 
of the contiguous pai-ticles of the air, each of which becomes 
polarized with negative and positive electricity, in the same 
manner as a number of insulated conducting bodies when placed 
in continuous connection. The following experiment is adduced 
as illusti-ating this i)olai-izing action of electricity on the air : — 
L(;t two brass balls be introduced into a gla.<*s vessel containing 
oil of tui-pentine, with which there luis been mingled a number 
of fine shreds of silk. Wlien one of the l>alls is connected with an 
(ilectrical machine in action, and the other ball is connected 
with the earthf the shreds of aWk. arrangj^ \XiemaftVve& ysi qo^- 
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s between the two liolla ; for thmigli the electricity 
I directly throuj^h the iion-conducting turpentine, 
lectricnty in induced in the second ball, aud the diHpc),sition of 
J particles of silk shows the ftaaumed condition of the niole- 
les of air which form connection between an esdted electric 
d a, diataut conductor. How (ax the influence estenda hea 
pot been aficertained, but it most probably obeys the same laws 
aa heat and all other radiant forces ; extending indefinitely into 
nnce, but diminishing in intensity inversely as the sfjuares of 
uie distance. 

The property of induction is admirably illustrated by a very 
WgertiouM and uwful apparatus invented by Yolta, ctdled the 
Dlwtropbonis. It conasts of a thick flat cake of resinous sub- 
ptance laid upon a sheet of metal The resinous cake being 
puhbod with hot flannel, the upper surface becomes charged 
%ith negative electricity, which induces an equal positive charge 
u the under surface in contact with the metal plate. A metal 
iso insulated by a glass handle is then pressed upon the excited 
I. The effect of this application is to induce electricity of 
iw^KMite kinds on both surfaces of the disc. The surface nearest 
■ VtB rOBin. in charged positively, and the upper surface is charged 
I'&Hgatively so long as they remain imder the influence of the 
cited electric. There is, however, no communication of eleo- 
y to the metal disc, and if it be lifted up it will be found 
b to retain any portion of the electricity though pressed into 
rt with the rosin. The natural electricity of the met^ is 
disturbed &om its normal condition by the influence of the 
i electric, but when removed from the sphere of that in- 
) it returns to its original state of neutrality. But if, 
; the disc remains on the rosia, and the upper part is 
Bfttively electriiied, the surface be touched with a conductor, 
I 4^ark passes, and when the disc is again lifted up it will be 
" to be charged positively. This operation may be re- 
l any number of times, for none of the electricity of the 
d rosin is communicated directly to the disc, which be- 
1 electrical merely by the induction of opposite kinds of 
icity on its two surfaces; the equilibrium of its natural 
i beang disturbed by the attractive force of the excited 

When a plate of glass is substituted for one of roain, the 
ricity with which the disc is charged of ( 
reed. The upper surface is then positive whilst 
enoe of induction, and on allowing that positive 
1 esoape by communication with the earth, tW mftW\ ■ 
S &i'iu coil tact is in the negative state. 
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The continued supply of electricity from an electrophoros hj 
a single excitement of iJie resinous plate renders this instrument 

occasionally very useful in electrical 
experiments, where a small quantity 
of electricity only is required. lPig.S 
represents the apparatus as generfdly 
constructed. The cake of resinous 
matter, a a, is poured into a circular 
metallic tray; c is the metal disc, 
usually made of brass, rounded at the 
edges ; and b is the glass handle for 
the purpose of insulation. A sheet 

^ of gutta percha is sometimes advan- 

I I tageously substituted for the rosin, 

^^^- ^ and a gutta percha handle fixed to a 

tin disc, seizes for the electrophorus plate. This arrangement 
is in several respects more convenient, and it possesses the 
advantage of being much cheaper. 

The induction of electricity through glass may be shown by 
exciting one side of a thin plate when laid flat on the table. 
The glass when rubbed with silk becomes positively electrified 
on its upper surface, and the under surface is at the same time 
charged with negative electricity. This may be shown by lifting 
the glass by the comers and bringing it near the pith balls 
(fig. 7), after they have been distended by contact with an 
excited glass tube. The balls will be distended farther when 
the upper surface of the pane of glass is presented to them, and 
they will collapse on the presentation of the under surface. 

When an excited glass rod is held in the middle of the room, 
the walls and everything they enclose are under its inductive 
influence, though it may be too feeble to be appreciated. The 
effect of the excited glass is to attract a certain portion of 
negative electricity towards it, and a mutual attractive force 
is exerted between the excited glass and every object thus in- 
fluenced. Many j)er8()ns are i)ainfully sensitive of the approach 
of a thunder-storm, and often complain that there is " thunder in 
the air," even when no storm succeeds. There can be no doubt 
that during the passing of a thunder-cloud electricity is induced 
in all bodies beneath ; and Faniday on this account considers it 
dangerous to have iron roofs to powder magazines. Such a roof 
might have electiicity induced in it by the action of the elec- 
tricity in the cloud, and a spark might pass from the under 
surface of the roof to the ground. 

The following experiment has l)een adduced as an illustration 
of this danger. One end of a horizontal cylinder, i^^^ ' =^ on a 




A sta&d, IS Riljusbv] close to a. jt^ of g&s imuing from a ^a 

BH excit<M] glaau rod tie brought auiiilwily near the 
r end of tlie cylinder, a spark will paas lietween the \m 
1 boraer and the cylinder, and the jet of gaa will be inflamed. 
Having extingiiiahed the flame, quickly withdraw the excited 
tube, and the gas will be again ignited by the return of the 
poritiye electricity expelled from the cylinder when under thp 
influenc* of the eJtcited electric, fi»m which, however, no 
ehai^e has been directly received. 

The action of that useful instrument, the electrometer, depends 
&r the moat part on the induction of electricity. The simplest 
indicator of electrical excitement ia the arrangement of two pith 
talk, already shown in fig, 6. The weight of the balla, however, 
i the imperfect conducting character of the suspending string, 
pvevsnt it from being very sensitive. BennBt's gold leaf elec- 
trometer is a much more delicate instrument. It consists of a 
wjde glass tube, about four inches long, mounted on a metal 
Btand, and covered with a, metallic cap. From the inside of the cap 
' are is a small projection, to which two thin strips of gold leaf 
i attached. The extreme lightness of the gold leaf and its 
great conducting power render this instrument extremely w 
tive to the actiun of small quantities of electricity. 

Its sensitiveness is increased by fixing strips 

rf tin foil connected with the brass stand of 

tiie instrument opposite to the gold leaves, by 

__«ilich means the induced electricity is brought 

1 closer action, and the leaves diverge 

BVrith a. very slight degree of electrical exeite- 

taeut. 

Kg. 9 represents the simplest form of 
" ' } nsefril indicator of the presence of elec- 
The brass cap A. fits closely on to 
t tnbe B, and from the cap the gold leaves 
I are suspended. Twri strips of tin foil, d d, 
I connected with the metallic base, and ^'b- ^* 

oh it with the earth. 
f- ^^baa inatminent, and others of a, similar construction, though 
1 deetrmnelera do not indicate the quantity of electrici^; 
I the name dedroscope, which has bwn recently applied to 
. an, Ib more appropriate to their character. 
[- To increase the sensibility of this electrometer, metal discs, 
ers, are added; one of which is attached to the 
a cap, and the other is mounted on a support that it 
h 'I7 B joint at the bottom, so that it may be remo'^ei \« 'Caa . 
""■b iadioated by tie dotted lines in the 6guie. ^n feftW ^ 
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Uuction of clectiidty on the snx&ce of the moveabl* disc, and hj 
its riMctioa on the electmmeter, an accumnlAfioii of the electric 
force ia effected; ly 
which meana the pre- 
sence of otherwiae 
inappreciably amall 
quantities of electri- 
city ia detected. 

The effects of con- 
densers depend en- 
tirely on the pecniiar 
action of indnced eleo- 
tricity. As the in- 
ductive inflnence n- 
^t- ^ diatesin aU dii«ctiona 

from the sur&ce of the excited electric, its force diminishes 
iu pi-oportion to the distance at which it operat«B. It has 
Uvn ascertained that in this respect induction obeys the law 
thtit emulates the difiiision of all other radiant emanations, and 
that ita intensity diminishes according to the square of the dis- 
tance. Thus, at a distance of two feet the intensity is only one 
fouiih of its force at a distance of one foot, but its influence ia 
spit-ud over a surface of four sqnare feet instead of one. The 
nearer, therefore, any body is brought to an excited electric — pro- 
vided it be not so close as to communicate the electricity directly 
— the more powerful is the electrical inductiorL When, ftw in- 
ottunctt, the disc a of the condenser has no opposing surfkce near 
it, thtt inducing influence is diffused over a large expanse and 
bocomoK (HI ftt'lilo that the reaction on the electroscope is impei^ 
ccjitililii. But when the disc B is placed very near to a the elec- 
triuitv with which the latter is charged induces an amount of 
I'Uvtiii'ity ill lliiit disc nearly equal to its own, but of the opposite 
kiuil ; tt>i- if A is ptsitive b will be negative. If the second disc 
iii iimiiliktml und is touched with a conductor when under the 
iiilluoiii-i' iif A it will )« charged negatively, and in that condition 
iL i\'.iiin I'll lln- jKwitive electricity in A and the gold leaves will 
.k'Ilii|«('. lu lliiH condition a further charge &om the original 
..■iii'.\- .■!' i'l«'li'ii'ity mny be communicated to the electroscope, 
411. i .1 miilicr iiiiaiititv of electricity will be induced in a By 
L^.i"! Kiii.'tiiii^ itukt diMO it becomes chained with the additional 
y-.: ■'.lis ,■!' iKviiii'ity induced, and if removed will continne 
"..'., .':%.U I'livU'itii-d. liiiiiu'diat«ly that its reaction on A ceases 
iS. ' !i. uiiii^i uhk'ti MtM diHguised by the counteracting presence 
." i^i, .ji>;.iLi\t ,Li.w t>i<i<(>iui<M free, and the gold leaves diverge 
"■ -'. i.'tiii lb liinii, ftir mlottWe charge Veia \>eeii tfCTen Vi ■Cos. 



Mble numifestatiuu of olectticity may tx; increased is iuteu- 
■'Bity so *a to strongly aiTfL-t tlie electi-oscojie, I'or each incnxiBiug 
Koharge by induction givon to the disc B tends niniM [xiwer- 
■fiilly tu neutralia*; for tUe time the charges commuiucated 

■ ., and enables it to absorb frisah supplies from the original 

The toraion baltince of Coulomb, which haa been preyiously 
■ Qotioecl, n»e«aures the electric force exerted, and may therefore 
tiirith strict propriety be called an electro- 
Vm^er. It donsistsof afinerodof shellac, 
r c^ at each end of which there ia a gilded 
jath ball, the rod and balla being sus- 
pended from the centre by a filament of 
^nn glass a. The ball d is similar to 
Sie others, and is also fixed to a rod of 
J, with a corresponding ball at the 
] other end. The latter is call«i the carrier 
fcall, as it conveys electricity from the 
body to be tested to the electrometer. 
Whien applied to the excited body under 
_ examination, it receives a portion of the 
city, and on being then placed in 
S position in the instrument, the aus- 
led ball that rests against it is re- 
By turning the screw ft the two 
is may be brought together; and the 
''amount of toraion or twist given to the "^ 

Slmnent of glass, so as to overcome the electrical r 
IDQasured by a graduated acala 
The action of electrical induction takes place through oil non- 
kducting bodies, though not with equal fiurility; the trans- 
ion of the influence being most apparent through those 
tances which are the worst conductora of electricity. The 
a didedricg has been given to those bodies that permit Induc- 
a tg take place through them ; but it seems to be a useless 
oltiplication of names, since all electrics are also dielectrics, 
3 following has been aecei'taiDed experimentally to be the 
mporatire order of the inductive power of the principal 
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An important portion of Farwlay's Experimental i 
in Slaclricity ia occupied with investigations respecting the Hi 
of inductive >iction- He has arrived at the conchision 
induction " is a physical action occni-ring between conti) 
particles, never taking place at a distance ^thout polat 
the moleCTiles of the intervening dielectric, caindng thei 
assume a peculiar conetrained position, which they teta 
long B« they are under the coercing influence of the i 
tjve body." According to this view of the questioi 
all the particles of ivir, and of every aolid non-oondi 
must assume a polar arrangement under the influence of ii 
tion in the Btime manner as particles of iron filings a| 
on a sheet of pa])er become polar under the influence 
nLagnet. 

ITie property of induction is now adduced to explsjn 
phenomenon of static electricity ; irrespective of tiie o 
theories of the two electricitieH, or of the mode by iri 
duotive action is effected. According to this view of ei 
action, the phenomena of attraction and repulsion are 
esplained : — The two opposite states of electricity being m 
to exert a mutual attraction on each other, the in^ 
negative electricity by jjoaitive, and the reveree, i 
to a mutually exert«d attractive foroa Again, the i 

of bodies similarly electrified ia considered to \ 
attractive forces exerted in opposite directions, and not b_ 
operating repulsive power exerted among the particles cS 
bodies. Two similarly electrified pith baUs, tor examplr' 
Bupposed to diverge in consequence of each one indndi 
opposite state of electricity in surrounding bodies. At 
bail has received a charge of the same kind of electricity, U 
of them posae^es the power to induce an opposite electrical 
in the other, consequently there is no attraction between t 
and they are free to be acted on hy surrounding bodiet 
divergence and apparent repulsion from each other being) 
aioned altogether by attractive forces acting at a distance. 
existence of a negative force, as repulsion may be r 
indeed opposed to the prinoiplea which have been ests 
investigation in other departments of physical acienc 
the hypothesis of inductive action the student of electriii 
called upon to dismiss the action of repulsion Jrom c 
forces, as the student of chemistry iB compelled to deny. 
exiptence of cold as a positive property. It seems question 
however, whether the term "induction" has not been introd 
unnecesmrily, since all the phenomena may be regarded as 
results of electrical attraction. 



iHon "Wtetlier there are two distinct Idiida of eleo- 
V only one kind which is exhibit«l in diftei-ent etntes of 
Vi^, though highly interertdng in h theoi'L-tical point of 
i' is not easentiHl to the Bsplanatioa of electrical phenomena, 
b may hn almost a» rendily explained by one hypothesis as 
^e oUier. We shall throughout this work ai:lhere to the 
f ^mple theory, which regu^ all eleictrical phenomena aa 
Ceding from the distwlaiiice of electricity of the same kind, 
|i is Inherent in all bodiex ; in the aame maaner as the sen- 
hs of heat and cold are produced by different degrees of the 
'acting power. The more tiimple chiiractor of tJie plvs and 
8 theory, ua well as the analogy it liears to the known 
bB of the other powers of Nature, incline us strongly in its 

IT. 

fibondation on which the Fmnklinian theory resbt ie thus 
by Dr. Piiestley : " According to thia theory, all the 
iitaix of electricity depend upon one fluid ntt g&rwria, 
mely subtle and elastic, dispersed through the pores of all 
m ; by -which the pftri>iclea of it are strongly attracted, ae 
[are repdled by one another. When the equilibrium of 
puid' in any liody is not disturbed, that is, when there in 
W body neither more nor less of it than itii natural share, 
ta that quantity which it is capable of retaining by its own 
ption, — it does not discover iteelf to onr senses by any effect 
PKtlon of the rubber upon an electric disturls this equi- 
bn, occasioning a defideucy of the fluid in one place and 
nbdancy of it in another. This tKjuilibrium being forcibly 
ibed, t^e mutual repulsion of the particles of the fluid ia 
"y exerted to restore it. If two bodies be both of them 
t, the electric atmospheres repel each other, and both 
s recede fi-om one another to places where the fluid in 
If both bodies be exhausted of their natural xhani 
1, they are both attra:L-te<l tiy the denjter fluid exixting 
le atmosphere contiguouM t<j them, 'ir in other neigh- 
l bodies ; which occasions them irtill to recede from one 
la much as when they were oveTchai);ed.'' * 
!e statement of the theory of vitreifus and reMinr.mii electricity 
H also take from Dr. Priestley, wha, tlwnigfa an advocate 
9 single fluid iiypotbeuii, faaa stated the aj;gumentM for and 
h with gmt impartiality: — 

I suppo««, Hunt, that tlwrc Me two electric fliad« 

e a strong dtMBical aSntly with auh utber, at the 

e that tJie partkln of oa«li an; aa tnm^j nfub^ oC 
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one another. Let ns suppose these two fluids in some meMnn 
equally attracted by all bodies, and existing in intimate union 
in their pores ; and while they continue in this union, to exhibit 
no mark of their existence. Let us suppose that the friction of 
any electric produces a separation of these two fluids, causing 
the vitreous electricity of the rubber to be conveyed to the con- 
ductor, and the resinous electricity of the conductor to be 
conveyed to the rubber. The rubber will then have a double 
share of the resinous electricity, and the conductor a double 
share of the vitreous; so that upon this hypothesis no substance 
whatever can have a greater or less quantity of electric fluid 
at diflerent times. The quality of it only can be changed. 
The two electric fluids being thus separated will begin to show 
their respective powers, and their eagerness to rush into reunion 
with one another. "With whichsoever of these fluids a number 
of bodies are charged, they will repel one another, and they will 
be attracted by aU bodies which have a less share of that pa^ 
ticular fluid with which they are loaded; but will be much more 
strongly attracted by bodies which are wholly destitute of it, and 
loaded with the other. La this case they will rush together with 
great violence. 

" Upon this theory every electric spark consists of both fluids 
rushing contrary ways and making a double current. When, 
for instance, I present my finger to a conductor loaded with 
'vitreous electricity, I discharge a part of the vitreous and return 
as much of the resinous, which is supplied to my body from the 
earth. Thus both the bodies are unelectrified, the balance of 
the two powei-s being perfectly restored." 

Dr. lVit>stley proceeds to state, with great fairness, the analogies 
and the facts which may be adduced in support of the two 
distinct electric fluids. The combination of two caustic and 
jK>werfully active substances, as an alkali and an acid, in the 
form of a iicutnil salt, in which the properties of neither 
of the constituent i)arts is perceptible, is one of the analogies 
advaiiceil iu favour of the vitreous and resinous fluids being 
coiubiueil, aud i-endered perceptible only when their combination 
Ls ilistui*l>oiL 

It appeal's from the preceding consideration of the properties 
i»l" the two Ci>iulitions of electricity, that the cause of electrical 
attraetioii is the eiuleavour made to combine and return to a 
ueutral static 'rhls attractive power, which is extended in the 
p]niu>iiieiui of iuductiou to all distances, seems to afford suffi- 
K-'wixi explanation of the cause of those phenomena, without 
3ii]4>o.siiig the exei-tion of any separate action of inductive force. 
Ajj(/ l/' \yc et'jieiir iu the explanation aaaiiigaed iox >i>cia Tcw^.'vsaJL 
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sdon of siinilarlj electrified bodies, and attribute their ap- 
t repulsion to attractions in opposite directions, then the 
^tions of the two electricities wiU supply adequate cause 
1 the phenomena of repulsion without the necessity of sup- 
g that there exists any positively active repulsive power in 
idties of the same kind. 
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DIRECT DEVELOPUEHT OF ELECTRICITr, 

Electrical machinea ; Cjlinder, Plate, vid (intta Percha — Inflocmceofpi&to— Eipl*- 
nation of the cause— ^Frictioiul electricitj confined to EnrtiuMB — bMnaCj of 
macMiie-excitcd electricity — InflammatiDn of cumbustiblea bf the ipail— B>- 
aistance of the eir — Nature of Klectrio discbai^e — Diernptive, bnuh, and ^n* 
discharge — Colonr of the electric apuk. 

The excitement of electricity by fiiction 'with the hand is Boffi- 
cient to illustrate the primary phenomena and elementary pro- 
perties of the electric fluid ; but for the exhibition of its powratiil 
effects and uiore complicated ai^ons, it is requisite to employ 
other apparatus. The quantity excited must be greater in • 
given time, and means must be provided for collecting and 
accumulating the electricity when excited. 

The electrical machines that were used by Du Fay and 
Priestley conskted of a sulphur globe whirled round on an aiift 




with the hand applied for a rubber. The globes of eulphnr 
were sapphnted by cylinders of g\a» ■, etni ftioMob ^iiaX. Iwm 



rVUNDilH KLECrarCAL MAC'Il 



hia in u great Tat^asare given place to the mon; powerfiil^M^ 
InachJiiQ, Uie c^lintler is so well siiited for inirp()ses of gener&l 
.experiiueut, tlial it contiuinw to "be jireferred in cases where no 
estruordinary power is I'eijuireJ. 

Figure 12 represents this kind of electrical machine. The 
cylinder, a, is mounted horizontally upon supports of vnmisbed 
_■ 1, to inBulftte it from the ground. The rubber, g, eonsiuts of 
ft hair cushion covtired with leatLer, over which is placed a flap 
4d' black ellk. The cueliion is mounted on a gla«B support, fur 
ihe purpose of insulation when the exhibition of n^ative eleo- 
tricity is required ; and it is adjusted by a screw, m, to regulat« 
iUie jffCBgure on the cylinder. In the ordinary working of the 
tntachiue the cushion is connected by a chain with the ground, 
'whence the supply of electricity is derived. A. hollow brass or 
'tin cylinder, k, rounded at the ends, and placed at a short distance 
from the glass cylinder, serves to collect the electricity as it is 
On the side facing the glass there is a row of metal 
points which fecilitate the collection of electricity, and to prevent 
-it from passing off to the earth the metal cylinder, called the 
.^ime conductor, is mounted on a varnished glass support, it. 
'For the convenience of attaching apparatus to the prime con- 
'llucttn', holes are made on the top and at one end. In some 
electrical machines a mrtal cylinder Bimilar to that of the prime 
ooaiductor is attached to the rubber, as represented in the wood- 
cut, for the purpose of making eitperunentB with negative 
electricity. In large cylinder machines the prime conductor is 
tunially mounted on a separate stand, detached from other parte 
of tiie apparatus, as shown in the figure ; but moderately sized 
ingtruments are generally constructed with the conductor 
kttocbed to the same base as the cylinder, an arrangement 
leing contrived to allow of its adjustment at different distances. 
m A. cylinder electrical machine of al)out nine inches diameter 
Bis sofficiently large for ordinary purposes of experiment An 
Bwparatus of that size will, under &vourable circumstances, 
B^fiilly charge a quart Leyden jar with twelve turns of the handle. 
I little need be said in explanation of the action of this 
Bmaohine, since it is only a modification of the means of elec- 
f trical excitement by the friction of a glass tube with the hand. 
On turning the handle, e, friction is produced between the surfiiee 
of the cylinder and the rubber ; the electrical equilibrium is 
thereby disturbed, and electricity is excited, which, when the 
prime conductor is removed, exhibits itself in bright flashes of 
L light round the cylinder. When the points of the prime con- 
uitttCtor are presented to the revolving cylinder, tbc e\ec\.ifvcA'3 '■»j 
""^^^ transferred to it, ami it emits agsaika to 
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ducting substance brought near. The electricity thus abundantSy 
excited is supplied from the earth to the rubber, which is con- 
tinually having its supply drawn from it by the coercive fopoe 
called into action by friction with the glass. That the electri- 
city is derived from that source is evident frt)m the great 
diminution of quantity when the metallic connection between 
the rubber and the ground is removed. In that insulated state 
the rubber becomes strongly charged with negative electricity, 
and sparks pass between it and any conducting body brought 
near almost as abundantly as from the prime conductor when in 
frill action. 

The rationale of the excitement of electricity by the machine 
is, according to the Franklinian theory, very simple. The 
friction of the glass and silk, by disturbing tKe electrical equili- 
brium, deprives the rubber of its natural quantity of electricity, 
and it is therefore left in a negative state, unless a fresh quantity 
be continually drawn from the earth to supply its place. The 
surplus quantity is collected on the prime conductor, which 
thereby becomes charged with positive electricity. On the 
hypothesis of two distinct electric fluids, the same frictional 
action causes the separation of the vitreous from the resinous 
electricity in the rubber, which therefore remains resinously 
charged. The object of making a connection with the ground, 
according to this hypothesis, is to restore the proportion of 
vitreous electricity of which the rubber has been deprived. 

The electrical excitement of the machine is greatly increased 
by applying to the rubber a metallic coating, consisting of an 
amalgam of zinc, tin, and mercury. It is prepared by melting 
together two parts by weight of zinc, and one of tin, with which, 
whilst in a melted state, six parts by weight of mercury are 
mixed. The mass is shaken well together till it cools, and it 
is then poimded finely in a mortar and mixed with lard to the 
consistence of a paste. The amalgam is spread on the cushion 
only, care being taken to prevent it from being spread on the 
silk flap. 

The effect of an amalgam of this kind in increasing the elec- 
trical excitement is very decided, though some difference of 
opinion exists as to the principle on which the action depends. 
It has been imagined that the amalgamated metals are oxydized 
during the friction with the rubber, and that the electricity is 
due to chemical action. The more simple explanation appears 
to be, that the coating of metal on the rubber assists in con- 
ducting the electricity from it. The use of the silk flap is 
merely to prevent the electricity from discharging itself into 
the air before it reaches the conductoT, and it ^o\s\d\ife wssx^^^^^a- 



.oint" y/'-rt- limiight near the rubber. 
I of particlw of wiiBlgam to the silk flap which fre- 
occui-N, is ]jrejudicia,l to tlio action of the machine by 
(ling conducting [loiiita for the disperaiou of the excited 
electricity laUi the air. 




Plate machinea are now much used on account of the grL>Ht«r 
quantity of electricity that can be eccited by that arrangement 
of the instruiiient A disc of glass about a quarter of an inch 
thick has an asjs fixed in its centre, firmly supported by two 
cheeks of baked wood. On the upper and lower parts of these 
cheeks, four cuxliions are tixed to preea against boUi sides of thu 
glass plate at the top and at the bottom. Small flaps of silk 
lire attached to the cushions to prevent the electricity excited 
~ " a being dissipated before it arrives at the collecting points of 
irae conductor. The conductor itself ia also fixed to the 
t cheeks, but is insulated from them by a horizontal glass 
t Rows of points serve to collect the electricity from 
k ffldes of the glass plata By this aiTsugemcnt a much 
r surfiice of glass is exposed to ftictiovi, KoA. two at TSfsv^i 
U.-.^e. fmptoyed on each, side of the pWte. ~ 



1 




f 



plate machine with ti glass clue uf 
more than double that of a 

cylinder machine A 
vei-y compact arrange 
meut of ^e plate ma- 
chine, vhich is at the 
same time very power- 
ftil, has been contrived 
by Mr. John J. Onffiu, 
as represented in the 
accompanying wooJout. 
The inconveniencfl of 
a plate machine, as uau- 
ally constructed, arisisf 
from the imperfect in- 
aulation of the nibben, 
in oonseqnence of whidl 
the negative electridq' 
excited cannot be exlti- 
bited. 
■which the excited surface conidated 
shown amongst the philosophical instni- 
ments at the Great Ex- 
hibition. An endless 
band of gntta peroha, A, 
(fig. 15) -was Htretchfld 
over rollers, B b, placed 
above e-ach other about 
two feet apart The 
rotation of the upper 
roller communicated % 
rapid vertical motion to 
the band of gutta ptir- 
cha, which was pressed 
ag.iinst at the top and 
'iLitloni by hard hair 
iji-iishos, ijc.that served 
OH rabhers. The I'leO- 
ti-icity tfos collectwl on 



fpijnte, and concentrated h 
mcnt of the pUite machine. 
Though we have not had an opportuni^ of trying the eSect 
:—— ■ 



1 a similar 




■^naenta boom pnetioftl adTttntagiw %at vould nuke it 
Hefevabletoa glass machiue,* Sheets of giitta percha may also 
B attached to discs of w<iotI to wi'vii instead of glass in plate 
^■Ctrical inachinea. It may be ol'served, however, tliat the 
Htta percha has a tendeucy to condense and absorb moisture 
^Ka the atmosphere ; therefore it requires greater t.'are in 
^King thau glass to make It efBcient as an electric and non- 

HW^tth on electrical macliine of any of the kinds mentioned, 
^■Bt of the phenomena of electricity can be exhibited in a mudl 
^■re convenient manner than by an excited glass tube, and 
^■le of them could scarcely be manifested without the aid of such 
^■apfiaratus. It is requisite, however, for its due action, that 
^m machine should be placed before the fire for a abort tiuie 
Hfcre it ia used, to expel the moisture that adheres to the glaes 
isd the cushion, and diat the insulating glass supports should 
be rubbed with a waiTU alk handkerchief. These conditions being 
attended to, and the nibber being covered with amalgam, the 
prime condnctor will emit dense spaika two or three inches in 
length when the handle is turned rapidly. The action of the 
apparatus will, however, be consideTably influenced by the state 
g{ the weather, whatever precautions be taken to keep it dry. 
"a a fine troaty day the sparks emitted will be longer and more 

sthuit tiian can be obtained when the atmosphere is charged 

I moisture, because the damp air acts as a conductor in 

mng the electrical equilibrium. 

Hie peculiar influence of points in withdrawing the charge 
from au electrified body may be readily shown by fixing a 
pointed wire to the prime conductor of an electrical machine. 
Wliea the point is attached, the apparatus appears to be de- 
prived of it« power of exciting electricity, and but few and veiy 
feeble sparks can be obtained. If the room be darkened, rays 
of light will be seen issuing from the point into the air in the 
form of a cone, of which the point is the apex, the light being 
brighter there, and diminiahing aa the rays expand. When the 
poiut is fixed to the insulated rubber, charged negatively, the 
affect ia the same in the dispersuon of the chai^, hut the appear- 
imce is that of a star instead of a lununous cone. These dlfier- 
Bnt appearances of the electric light at the rubber and at the 
prime conductor, induced Praokhn to infer that the latter 
pndttcd electricity, and was consequently in a positive state, 
)a4 that the rubber was n^atively electrified — the plvi and 
|pu« hypothesis being assumed. ^^^^ 

^Bba Juion' Bepoita of the Orest Exhiliitiun made vei; fnniit^AG mv^^^^l 
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On presenting the back of the hand to a metal point fixed on 
the prime conductor, a sensation similar to that {HX>duced l^ 
a small blast of air will be perceived. Several kinds of a{^ 
ratus have been contrived to exhibit the action of the f<»Y», 
whatever it may be, that issues from or is induoed towards 
electrified points. The most simple of these contrivances is 
the electrical jack, which consists of four light pieces of wire 
placed ci*osswise, and balanced horizontally on a pivot in tiie 
centre. The ends of these wires are pointed, and are bent 
in the direction of a tangent to the circle described by the 
apparatus during its rotation on its axis. 

When attached to the prime con- 
ductor, as represented in £g, 16, and 
the machine is put in action, the blasts 
from the bent points cause the air 
against which they strike to react on 
the apparatus, and to turn it rapidly 
round ; in the same manner that water 
or steam issuing from jets similariy 
directed turn water-mills and model 
steam engines, by the reaction of the 
water and of tiie air. 

Another and very curious experi- 
ment, which is adduced as proving the emission of some active 
force from an electidfied point, is the following : — Put a littiie 
sealing wax at the end of the pointed wire A, fig. 17, and whilst 
the electrical machine is in action, melt the wax. A thread 
of sealing wax finer than a spider s web will then be propelled 
from the ix>iut ; and, if a piece of white imi)er be held near, the 
convolutions of tlu^ web-like films, as they overlap each other, 
pi-ocluce a remtirkable and sometimes a beautiful effect 

It might be supposed, if elec- 
tricity be emitted only from the 
positive prime conductor, and the 
insulated rubber be electrified 
negatively, that by having its 
natural share of electricity ab- 
stracted from it, there would be 
no emission from the i)oint fixed 
to the rubl)er, but rather an 
influx towards it This, however, 
is not the case ; for the phenomena of pro^K'Uing wheels and of 
projecting sealing wax filaments, occur whether the point be 
positively or negatively electrified. This is one of the difficulties 
nJiicb the advocates of the plus and miniis states of electricity 



Fig.ia. 




Fig. 17. 



» *o coiiti^ud wiih; for the ijL<;uami:ua uf cnjual appamnt 
seion from m^tively electrilied rni nts apjjCAra to sapport the 
iginal liypotlieais of Dn Fay, that there are two distinct eleo- 
C fluids. To aoouunt for the appurent anomaly, it is xuid that 
s effect of propilsion &om the point fixed on the rubber, ia 
t produced by the eniiBBion of negative fluid, but that it in caused 
' wie mutual attraotions always subsiBtiug between bodies in 
{>oeite states of electricity. According to thia view, therefore, 
e film of sealing wax ia not projected from the point but it is 
tntcted 1^ the paper. 

The aeemiog emission of air from points fixed on either of the 
D-dilctora of the electrical machine ia merely a secondary and 
Ineahantcal eli'eot produced by the air being put in motion by 
It continuous discharges from the points. 

Tbe cause why points exert such powerful influence in the 
_e of electricity has been explained by the researclies of 
Gonlomb into the distribution of electricity on the surfaces 
liodies of different forms. On a sphere, every part of the 
6 being equally distant from the centre, the distribution of 
icity is equal ; but the more the shape of the body deports 
that of a sphere, the more unerjually ia the electricity dis- 
Ituted. M. Coulomb insulated a metal rod, two inches in 
meter and thirty inches long, with hemispherical ends ; and 
nag charged it with electrici^, he fotmd that ut a distance of 
> incbea from the end the eletrtricity wua to that in the 
ddle of the rod as 11- to 1. At one inch from the end the 
nmrtion was as 1| to 1, and at the extreme end it was as 3^ 
1. It appears from tbe results of his experiments that the 
mdty of the electrical charge increases in a very rapid pro- 
tion towards the edges of an insulated conductor ; that it 
jOents still more at the comers ; and that when points project, 
ie extremities concentrate the electricity with great additional 
maity. 

ftr tie aid of these experiments, the cause of the escape or 

itirge of electricity from points may be readily inferred. 

)■ noa-condiicting air which surrounds an electrified body 

iita the escape of the electricity in proportion to its pressure 

5^l© sorfece, the amount of reaistajice being in an inverae ratio 

10 jntenaily of the electric force. If, therefore, the force be 

entrated at a point where the amount of Bui-faee-resiatance 

a escape is reduced to the Bmallest quantity, the concentrated 

a meets with comparatively little obstruction, and rapidly 

1 towards the surrounding bodies which are exerting an 

e power on tie excited electricity, 

"'Vaiwiy-ef&ots of electrical induction. ^ tioa fl 
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tion of static electricity entirely on the sur£Etces of oondncton. 
As the electricity commnnifcated to any substance induces an 
opposite state of electrical excitement on surrounding bodies, the 

mutually attractiye in- 
fluence draws all the elec- 
tric fluid to the sur&ce. 
^ -^i ^ Thus an insulated hollow 

ball, however thin its 

substance, will oontsdn a 

charge of electricity eqnal 

to that of a solid ball of 

^^•^ the same size, all the 

charge being distributed, in either case, on the surface alone. 

An experiment contrived by M. Biot affords a very satis&ctoiy 

illustration of the distribution of electricity on surfaces. 

Let a metal globe, A, fig. 18, be suspended by a silken cord, 
and communicate to it a charge of electricity. Two hemispheres 
B, B, that will exactly enclose the globe, and insulated by glass 
handles, are placed over it when thus charged, so that the ex- 
terior surfaces of the hemispheres may become the outside of 
the globe. Under these circumstances, the whole charge of 
electricity will be transferred from the globe to the hemi- 
spheres ; and when they are removed by the glass handles, all the 
electricity of the globe will be discharged, and will be retained 
on the exterior surfaces of the hemispheres. 

The interior surfaces of hollow vessels have not any electricity 
distributed on them, because there is no 
opposing surface on which the electricity of the 
opposite kind can be induced. The inside of a 
hollow metal globe, for example, has opposed to it 
only the metal already charged with electricity 
of the same kind as its own; consequently, there 
can be no inductive action on such surface. The 
absence of electricity from the inside of charged 
metallic vessels may be shown by electrifying a metal 
ice-pail or a pewter pot placed on an insulating 
stand, and then lowering into it a metal ball sus- 
pended by silk, allowing it to touch the inside. 
When the ball is withdniwn, it will not indicate 
the least trace of electricity; but if it be then 
applied to the outside of the metal vessel, it will 
acquire and cany away a large portion of the 
charge. 

A more striking exemplification of the diffusion of electricity ex- 
clusively on the outsides of vesaels ia afforded wbeo., vs^toftdof a 
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Fig. 19. 



SlSTAIBUnoN ON THE BURFACE. ^^^| 

solid metallic vessel, a cylinder formed of wire-gauze is employed. 
Let the inanlated ball B be lowered into the wire-gauze cylinder 
A, fig. 19, when electrilied and mounted on an insulating stand. 
Itmaytouchevery part of the interior without receiving any por- 
tion of the electricity with which the exterior surfaoe is charged, 
though the slightest touch on the other side of the open wire 
meah conununicatea electricity to the ball. 

Another ex|ierinient exhibiting the distribution of elec- 
tricity on the aurfacea of bodies is the following; — A net of 
thread is fixed to a. metallic 
W]! mounted on an insulating 
hmdle as shown in figure ^0, 
the lower part of the net being 
gathered round a small metal 
jJ«te for the pur]>OBO of keeping 
It distended, and to facilitate 
Hie turning of the net inside 

otH When electricity is conuaunicateil to the net by lowering 
UiBSnlated chat^d metallic ball inside till it touches the plate, 
the dectricity, as in the former experiment, will be found on 
the ootaide only, and the interior will not retain any chai^. 
a, vhilat holding the insulating handle, the bag be turned inside 
out, as may be done by a dextrous movement, the electricity 
•ill be transferred to the other side of the net and bo distri> 
luted still on the outer surface, though the sides have been 
changed. 

An experiment on a large scale was undertaken by Faniday,' 
vhidh showed is a most conclusive manner that it is impossible 
Id eharge the interior of an insulated conducting bi>dy. He 
«d a ehwnher constructed forming a cube of twelve feet llie 
SBtiide was covered with a net-work of wire and with tin foil, 
Wd the whole was insulated in the lecture-room of the Royal 
Iiutitation. A glass tube about six feet long was passed 
ttrough the side of the chamber, leaving about four feet inside 
^^nd two feet on the outside, and through the tube there was 
htroducod a wire connected with the prime conductor of an 
ileettieal machine. " By working the machine," says Faraday, 
air in this chamber could be brought into what is con- 
1 a highly electrified state (being in tact the same state 
B tiat of the air of a room in which a poweri'ul machine ia in 
jieratioB), and at the same time the outside of the insulated 
obe wa« everywhere strongly charged. But putting the chamber 
S conununication with a discharging train, and working the 
uchine so as to bring the air within to its utmost degree of 
baige, if I quickly cut off the connection with the machine, 
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and at the same moment, or instantly after, insulated the cabe, 
the air within had not the least power to oommunicate a fiurUier 
charge to it. If any portion of the air was electrified it was 
accompanied by a corresponding opposite action within the tube, 
the whole effect being merely a case of md/uction. Every 
attempt to charge air bodily and independently, with the least 
portion of either electricity, entirely failed. 

"I put a delicate electrometer within the cube and then 
charged the whole by an outside communication very strongly, 
for some time together; but neither during the charge nor 
after the discharge, did the electrometer, or the air within, 
show the least signs of electricity. I charged and discharged 
the whole arrangement in various ways, but in no case could 
I obtain the least indication of an absolute charge, or of one by 
induction in which the electricity of one kind had the smallesfc 
superiority over the other. I went into the cube and lived in 
it, and using lighted candles, electrometers, and all other teste 
of electrical states, I could not find the least influence upon theni, 
though all tlie time the outside of the tube was powerfully cha^gedy 
a/nd la/rge spa/rks and flashes were darting off from every pa/rt ^ 
the outer surface.^^ 

The knowledge of the fswjt that electricity is distributed only 
on the surfaces of bodies has been applied to protect delicate 
electrometers from too violent action. A gauze cover placed over 
the instrument effectually prevents the gold leaves from being 
affected even when placed near to a powerful electrical machine. 

By increasing the surface of any body charged with electricity 
the intensity is diminished. This was known to Dr. Franklin, 
who illustrated the absorbing influence of extended surface by 
electrifying a chain heaped together on an insulating stand, and 
then di-awiug part of it upwards by a silk thread. When the 
surface capable of being surrounded by "an electrical • atmo- 
sphere" was thus increased, the intensity of the chaise was 
diminished, and by lowering the chain again the original force 
was regained. 

Another mode of showing the effect of enlarging the surface 
is to wind a strip of tin foil round a small insulated wooden 
cylinder, as represented in fig. 21. When a charge of electricity 
is given to the metal, the pith balls a a diverge. Take hold 
of the small piece of ribbon 6, and draw some of the foil from 
the cylinder, so as to expose a larger surface, and the balls 
collapse. On winding the foil again on the cylinder the balls 
again diverge. The quantity of electricity can undergo no 
change by the altered state of the surfaces, but the intensity is 
diminished by the same quantity being diffuaed o^-et a^aI^et «^»Rfc. 
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effect produced by espanding or contractang 
which a given charge of electricity ia diffiiBed 




of the electiical battery, 
lea on the auifaces of con- 
au atmiosphere of electricity 
igined, but it seems to be 



win be further noticed when -we i 

TTmugh the electriwJ. charge reai 
dnctors, it dues itot, in Kkct, exiet (\a 
wound them, aa was fbnnerly im 

CMfined within the external aui'&ce. For instiuice, there ii 
difierenoe in the distribution of electricity on metals when a 
pWor the whole surface is covered with vamiah, or even with 
ithick coat of wax. 

The ^eotricity excited by the electrical machine is in a 
ii^ state of intensity, but the quantity is comparatively amaU. 
Tet the coucentratod energy of that Bmail quantity enables it 
to force a passage through the non-conducting air to a greater 
ibatuice than when collected in much larger quantities in a. 
lower state of intensity. The physical effects of the long spark 
Wiitted from the machine are only feeble. They are sufiicient, 
fciriMiver, to show the igniting power of electricity in some of 
^ more inflanunable subatanceB. If spirits of wine be wanned 
in a metal spoon, and a sjiark &i 
pas through the spirit, it will 
be instantly set on fire. This 
e^wriment appears the more 
curiooB when the spark is passed 
&Dm the finger of a person placed 
<ni u iusuJatiiig stool. 

Hydrogen gaa, ua previously 
Btated, may also be inflamed by 
» qiuk. For performing this Eig-M.^ 

"" ■ 'the moat efficient manner, an dectricsi ca'osuwi c« 

It consists of a \tc3S& W\jft, abowV ovia . 
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inch in diameter and six inches long, closed at one end. A pieois 
of wire a, fig. 22, that is to conduct the electricity through the 
gas, is introduced into the tube, but is insolatcKl from it bj 
ivory or wood, 6. 

The most convenient way of charging the pistol is to attach 
a tube to a bladder containing an explosive mixture of hydrogen 
and oxygen gases, to insert it perpendicularly to the farther end of 
the pistol, and then, by gently squeezing the bladder, to force the 
gas out. In this way the atmospheric air is displaced, and the 
pistol is charged without wetting the insulating ivory. The 
open end is then closed with a cork whilst the pistol continues to 
be held inverted, to prevent the escape of the hydrogen. On 
taking a spark from the machine through the wire, by holding 
the pistol in the hand, the gas explodes with a loud report, and 
propels the cork to a considerable distance. 

In charging the pistol in this manner from a bladder filled 
with an explosive mixture of hydrogen gas, care should be taken 
not to allow a lighted candle to be bi-ought near. From n^lect 
of this precaution on one occasion, an accident happened to the 
author that produced considerable alarm. He was filling a gun- 
barrel with explosive gas from a bladder held under his ann, 
when, in consequence of approaching too close to the candle, the 
contents of the bladder exploded, extinguishing the lights and 
stunning his arm and side, though it did no serious damage. 

The resistance offered by air to the passage of electricity may 
be very beautifully illustrated by sparks from the machine. If 
the air were a conductor there could be no manifestation of 
electrical phenomena, for the equilibriimi would be restored as 
quickly as it was disturbed ; but the resistance of the air serves 
to I'etain the excited electricity on the surfaces of electrified 
bodies. When the electricity possesses sufficient intensity to 
force its way through the resisting air, the discharge is accom- 
panied by a bright spark. If the machine be powerful and in 
good order, sparks tliree or four inches long may be obtained, 
which, in overcoming the resistance of ^e non-conducting 
medium, are divei'ted from a straight path and describe a ziz-zag 
course, resembling a flash of forked lightning. 



Fig. 28. 

That the resistance to the passage of electricity from body to 

body is caused by something more than by the intervening space, 

js proved by the facility with which electrical di&x^[\ax«<^i& ^^<^k^«^^ 



irougli vesaels exlwusted of air. For instance, 1<<t a glass tu1t>e, 
', £g. 23, about tliree inolieit in di&ineter and two feet long, be 
tfted at each end with a brass cap, to vhlcfa a wire and a brass 
U are attached that reach two or three inches inside. At 
e end there ahoidd be a screw to fit on to the air-pump, liy 
iiich. the tube may be exhausted. On applying the exhausted 
ibe to the prime condnctor, and the machine is put in a^uti, 
e electricity paeeea readily through the partial vacuum. When 
le experiment is performed in the dark, the interior of the tube 
ill be observed to be luminous irith beautiful purple-oolcnired 
, which present a miniature resemblance to the aurora 



If the air be gradually admitted whilst the machine continues 
action, and the tube lie i-emoved a ahort distance Irom the 
that sparks may pass betwee.n it and the brass 
Ki, the resistance to the electricity will incresae as the air is 
Bidtted, until the sparks can no longer force a passage. At 
i eorif stage of the re-admisaion, when the air is still greatly 
tennated, the electric spark will pass through like a ball of 
•bt, moving comparatiyely slowly, so that itit form and course 
ay be distinguished. This very interesting experiment, which 
fniree a little address for its perfect development, exemplifies 
B phenomena of meteors or " ialling atars" in the upper regions 
f tllfl atmosphere, where the air is leas rarefied than in the 
" " r fields of space where the aurora coruscates. 

lay has examined with much cai-e the various kinds of 
J discharge, with a view to establish his theory of induo- 
n ; and be has succeeded in accumulating a great number of 
[oKtBtiDg facta connected with the transmission of electricity 
ioagh resisting media. His theory of induction, aa we have 
fine stated, supposes that the particles of non-condueting 
I, when acted on by an electric force, assume a polar state, 
nn a chain of contiguomi particles, each one of which has a 
ft and negative end. This polarized chain of particles, it is 
id, extends from the excited electric through the air or other 
nducting body, and induces in the nearest conducting body 
a of electricity opposite to that of the coercing force. In 
i^iortion as the particles of difierent substances possess the 
>wer of communicating electricity to each other, their tendency 
BSSnme a polar condition diminishex ; and, on the other bond, 
} greater the non-conducting property of the particles, the 
ire strongly will they t^e the [lolar direction. In other 
irdi^ indutAion can rioly take place across insulxlAii^ s ' 
L and ibe iatlactive action is moti; or le« icadJiVj % 
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Applying this theory to the explanation of electric dischaige 
thi-ough resisting media, Faraday assumes that there is a limit 
to the influence which the intervening chain of polarized partadeB 
possesses in retaining the attracting forces apart^ and that when 
any of the contiguous particles have attained their highest degree 
of polarized exaltation, they can no longer resist the passage of 

■'• .i"f:. ■/."// *^® electric force. Tius when one or more 
links of the chain are subverted, the two 
forces cannot be restrained. Every case (rf 
discharge is therefore preceded by inductive 
action which coerces the insulating partideB 
into a polar state, until they are restored to 
their natural condition by tiie overpowering 
attraction of the combining forces. 

The electric spark is considered '^ as a dis- 
charge or lowering of the polarized inductiye 
state of many dielectric particles by a parti- 
cular action of a few of tiie particles occupy- 
ing a very small and limit^ space, all the 
previously polarized particles returning to 
their first or normal condition in the inverse 
order in which they left it, and uniting their 
powers meanwhile to produce, or rather to con- 
Fig. 24w tinue, the discharge effect in the place where 
the subversion of force first occurred."* 

The sudden restoration of the electrical equilibrium by the 
mutually attracting forces bursting through the intervening non- 
conducting space, is termed disruptive diacliarge. It may take 
place either in the form of a spark or in a series of rapidly- 
intermitting discharges, so near together as to appear continuous. 
The latter is called the Jyniah discfiarge (fig. 24), from the form 
of its luminous coruscations. 

To produce the brush discharge with effect requires the 
machine to be in good order, and the intensity of the electricity 
on the piime conductor to be increased by adding to it a pro- 
jecting rod with a small rounded end. The discharge takes 
place from the end into the air, or to any conducting body 
brought near, and it is accompanied with a continuous rushing 
noise. Professor Wheatstone has proved that the sound is pro- 
duced by a rajnd succession of disruptive discharges, and that 
the brush of light observable in a darkened room is resolvable 
into a nimiber of bnishes, each one of which indicates a 
sejiarate and instantaneous discharge; though the discharges 

' iJa^ertmental Kesflorchet. 



so rapid as to mjsgle together in ime luHiinciuB expanding 
J, with a bi-ight apex near the disi^liarging conductor. 
The difterence in the apj>efti-auct: of the bruah diathorge from 
" J positive and negative eouductoi'a is vory obBervable. The 

I obtained from the nt^tively charged eon- _ 

r (fig. 35) are shorter, and the discharges are 
ore rapid, " being seven or eight times moi* nnme- 
UB in the same period than those produced when | 
le pdd was charged positively to an equal degree." 
Another form of diecharge is obtained when a fine 
point, instead of a blunted thick wire, is attached to 
ihe prime conductor. In that case, a smaller pencil 
■d rays, which produces a steady light, takes the 

^of the expanding brush and rushing sound, 
baa obtained the name of the gloio dMiarge, a, 
% 36. It ia probable tJiat even thin steady and 
UUBelesB dischai^e might be resolved, like that of the 
Imah, into an innumerable quantity of intermittent 
^aehaiges, mingled together so intimately as to be 
i^imtely indistinguishable. \\fi 

Vhen a fine jmint ia attached to the insulated \1[/ 

niNter of the machine, the light of the negative ... 
dertricity presents the form of a star, 6. '^ " 

The light of the electric spark varies as it passes 
tbongh different media. In air the sparks have 
■D intense white light tinged with blue, and parts 
of the track of light they form appear frequently 
to vfuy in intensity, especially when the quantity 
United is not great In nitrogen gas the sparks 
B9 more deeply coloured with blue or purple, and 
■ litiday considers them remarkably sonorous. In ^ ^ 

gen, the colour is crimson ; in oxygen, whiter 
D nitrogen, and not so brilliant ; in carbonic acid gas the 
ance is nearly aimilar to that in air, but with a green tinge, 
i nmarkably irregular ; in coal gas the spark is sometimes 
len, sometimes red, occasionally one part green and another 
I, and the dark parts occur very suddenly. These various 
Mobtb of the spark in different gases are considered by Faraday 
fe l»e attributable " to a direct relation of the electric powers of 
^% particleB of the dielectric through which the dischaige occurs, 
Dd kre not the mere results of a casual ignition, or a secondary 
ind of action of the electricity upon the particles which it finds 
1 ita course, and thrusts aside in its p 



■ Experimenlal Eaearcha. 



92 PHENOMENA OF ELECTRICITY. 

The brush discharge also exhibits peculiar characters in the 
different gases ; the eSect in nitrogen being finer in form, light, 
and colour than in any other gas, and it evolves a greater 
quantity of light. The peculiar character of nitrogen in relation 
to the electric discharge must, it is supposed by Faraday, have 
an important influence over the form and even the occurrence 
of lightning, as that gas, which extends the discharge of electri- 
city farther than any other, constitutes four-fifbha of the atmo- 
sphere. 
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teand not in the coatings Clurepd piste of gliui — Klectrical Imtlflriea — 
^j of force dimiiuslied bj* extenuoa M Borfww— Diac1iu'ging'n>d — Bcudoid 
' '" ' " 'ta oaxiM tnd eflBots — UaivBrsBl Jisch»igtr — Lane's 

K power of accumulating electricity by means 
if the Leyden jar has placed in the hands of elec- 
18 a force of almoat unlimited extent. In our 
f the history of electric science, we have 
ilreody adTOrted to the nature of the appaiutua. 
'iB ftt present constructed, it lunBists of a thin glass 
ir A, fig. 27, coated within ajid without with tin 
ai, which coating reaches to about three inches of 
Ihetop. A wooden cover B, serves 88 a support to j 
I stTBi^t thick brass wire c, that passes through 
' B centre of the cover, and hae a metallic con- 
I by a chain or wire with the interior 
The thick wire rises a few inches above 
U cover, and is Eurmounted by a hollow brass 
lU, which is screwed on to the top of it, the object of the 1«1I 
BUIE to prevent the dispersion of the electricity. The sizes of 
le jars vary from half-a-pint to ten gallona. A jar holding a 
int will give a shook as strong as most persons like to receive. 
To charge a jar with positive electricity, bring the brass ball 
r to the prime conductor of the machine, and make a con- 
11 between the outside coating and the ground. WhenfuUy 
barged, it will give indications of its electrical condition by a 
nitteriug sound; and In the dark, rays of light will be seen 
BOiiig from tlie edges of the tin foil and from the ball 
The notion of Muschenbrteck, which led to the discovery of 
""iB Leyden jar, was to collect electricity within a phial to pre- 
ml itfl dispersion, and thereby to store up an increased quantity 
t fke electric fluid ; but the present received opinion is that » 
r when highly charged does not contain more electricity thui 
b did before it was applied to the conductor. Ths ^Ss^\ 
aced by cbarffng in not to increase the t\iia.iiXity,> 
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*:r«T tlie condition of the natural electricity previously present in 
« InTont stato on the iu:fdde and outside of the glass. There is 
•i.iivt^Hl int(^ tlio insido, by connection with the electrical ma- 
I'^liiiio. an amount of |Hisitive electricity, whilst an equal amount 
of motive oUvtrioity is driven from the outside by the force of 
rloctrical induotiou ; and unless the electricity on the outer 
siirfaoi-* of tho cIj^^ ^"lui be thus diiven off by affording it a con- 
ntvtion >»;:h tho i^^HUld, the inside cannot receive a charge. 

The ^ik\\>t^ K'i I ho aivumulation of electricity in the Leyden jar 

ha.* Nvv. A'.twidv statinl to dei)end on inductive action operatmg 

thT^-r^C" i*v sul^tanot* of the non-conducting glass. It has been 

shr*-.'. :>.*: A ^«no of ghiss when excited by Motion on one side, 

>iA> r.vt-i^v* oUvtrioity induced on the other, and that a glass 

i^^r..>.\v ■•ui\ Iv ohargod with electricity by exposing the inside 

t," :'^,' ;v^*iuiuv of an olcctiilied jwint, whilst the outside is 

K-.%s.\\i l'> 1 1 10 hand. Tlie electricity thus collected on the sur- 

-skn-.x ^'f ilu' jvuio o\* glass and the tumbler is sluggish in its 

*^x:^»;\ .>*iul IS diss)|vit<Hl by slow degrecjs, on account of the non- 

.i':v;..vi::^X pl^*^vr^y of the glass surfaces ; but if metal plates be 

v'iN A\'. v»!i oiu-h sido i>f tho |>anc of glass, the electricity is instantly 

,x'j«vx'!'i»;iu\l ^a any point, and on connecting the two sur&ces 

^•xu V^'*^** '^ disohar^o takes place, exactly as in the Leyden 

.: I Mx- vh.u-vj^Hl tumblor might also Ih^ converted into a Leyden 

». .^* ,iK' *p|»Hoation i>f intorior and exterior casings of metal 

,,» v .V r\^' ,is iuMi-oouiluotoi*s, to concentrate at any point 

» . .. X . • .V :i \ aistributiMl mi-r tho suiface of the glass. 

•ix ^%" iiuvNt \>Mioliisivoly that the charge of a Leyden jar is 

' ■ "" •' •'*^' N\nMjioo of the gla*<«, and not in the metallic 

'. S-*. » \tu'u itu-s «ro made with inside and outside metallic 

sv .»' x^'n•ll\,^^l that thoy may be eivaily ixunoved. Ajar 

^ V • «, V* lu'ii ohiu-iroil, and placed on an insukting stand, 

mav have the metal cas- 
ings removed and others 
substituted for them ; yet 
after this change the jar 
will l>e found to retain its 
charge. Th(^ metiil ser\'e3 
only to conduct the elec- 
tricity simultaniH-)usly fn>m 
all ]MU'ts of the glass with 
which it is in contact. 

A plate of glass affonls 

the most convenient mode 

'*.-- • iK '-.ivniv-al ohai-ge is retained by the glass 

'•• ^^^ '»' V^^uo vA' ^\aaa 1l a, % •ZH.tt.liOxitone 

i 

I 
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THE LEYDEN JAK. 

ft aepmre, be laid homontolly oa a sheet of tin foil To iba 

iper aide apply the insulated metal disc c of im eleetrophoniB; 

nnect the disc with the prime conductor, and a few turns of 

e machiue will chai^ the gla«i^ K«iuove the disc by the 

sulating handle B, and it will niajiifeKt Hoipcely any trace of 
ibctricdty. Let the aame or another di»c be again applied to 
the aurtuce of the glass, and on making connection between 
die metals on the opposite aides a strong discharge will take 
^Bce. To make the experiment still mure striking, the tin foil 
Ui which the plate of glass is placed may be withdrawn and 
&e glass be lifted up by its edges and laid on another sheet of 

nelttl without losing its electrical chai'ge, for the insulated disc 

being again applied, a powerful discharge will occur when the 

tno metallic suriacea are connected by a wire. 
Let a Leyden Jar be iusidat«d &.-oni the earth by placing ii on 
^U8 stand, and it will i-eceive scarcely any electricity from the 

conductor ; not more than equal to the quantity which can 

wape from the outside to the surrounding air. If the knob of 

BnAer insulated jar be connected n 

viQi the ground, and the outside 

nath^ of the two jars be brought 

UH together, spai;^ will then 

put rapidly from the prime con- 

liiirtor to the knob of tlie first, 

and they will also pass as rapidly 

bWwerai the outside coatings of 

tliatwo jare. In this manner botli 

^ Leyden jars become charged, 

»iid it will be tbimd that they are 

naged equally, but with elec- 

bidbr of opposite kinds. The 

finAonetbat derives its electricity 

dnctly&om the prime conductor 

i> oharged positively; the second 

tiut becomes in an electrical con- 

^il^ by jjarting with its natural electricity from the knob to 

ftsground, will be negative. Place the two jars on the table, 

JOd Buqieud between them a pith baU B, or other light substance, 

'" ' it will be attracted alternately from one to the other in 

1 vibratioaB, clearly showing that tlio electricity in the two 

^^ te of opposite kinds. In this manner both jars will be dis- 

'duiged by tlie continued transfer of the opposite kinds o1 

afaetricity from one to the other by the pith ball. 
The phenomena that occur during the chaige of a Leyder 

jtF have been adduced as strong evidence in support of the 
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[{.hxiu: tbe^^iT of « single electric fluid. The discharge of 

_ fr:ffr. the outside in proportion to the charge received 

;::ni.-j:. '»i*"«'e* '^ out^r coating in a negative or minus state, 

»-j i^c rh( :T.t<T!ifr ixwi^'es more than its natural quantity. On 

miitjnc f- mciit^ilic Awiniunication between the two coatings the 

r»iifri»rt is i-mTTuViTAToly restored, with the loud snap and brilliant 

ft«si. rhfri i»*v.»TiiT«ny sudden disruptive dischai^. But the 

Tih.»Ti'»Tnnnfc my » \plioaMe also on the hypothesis of two fluids ; 

IT home »»«iiTno.i i}«t they are separated from their previously 

TiPijfrwl sr*.r.f- >"* t}H^ twrcing force of the free electricity com- 

mniiir»t^ t/* thr inside of tlie jar. The fact that the electricity 

driv.^i. nfT frf»Tr. ihc outside coating is positive is explained on this 

hATv^rh<*^T> ^*^ laiu^flvwiug that the natural electricity of the outer 

^fiuf Ts «?j\v»r.'i}\"»si\i or sei)arated by the positive electricity 

i»n ferine rhi }m\ A"sid that tlie positive electricity from the outside 

Twssps r»fi'T-r T-hi i*vuud, whilst the negative electricity, with which 

11 ^->i> i*om)»ii>i\\. IS disguiseil on the outer coating. 

pT^nV-lir. fttt-v-v,-;\>t<\i practically to a})ply the charging of one 
i«: ♦'• m. T^v <>vrfi*.v.nj; eUvtricity of anotlier, so as to charge many 
^^'v .>: the s>.w4- rime with the overflow from one to the other. 
^« nir-^r^^i. r^*i if a s^^rii^ of insulated jars were arranged with 
<H v«*>f«.r 4*^» ^ .'\v> and kuol^s alternately touching, the coating 
■. ' s ":*v M^ ^v:ui» iH>uneeteil with the groimd, that by tliis 
•^^' "iw^if ive elivtricity exi^'lled fi-om the outside of 
ohai-jjo the j»tHHuid; that the electricity from 
• K' >«i\>Mid would charge the tliiixl positively, and 

so on to anv number ; 
and tluit an immense 
electric force might 
be thus accumulated 
from the same quan- 
tity of electricity that 
is required to charge 
a single jar. 

Let ABC represent 
a series of tliree jars, A 
and B being mounted 
on insulating glass 
stands. On making 
connection from the 
prime conductor of 
an electrical machine 
to the knob of A, that 
^i**» .4i\ tK|nal amount of electricity 
*.^*«^K Vi^\ li, wluch will also be posi- 



•— *f - . .V ■.^■^^ -.!»■ 



•S-i H 



T- »i 




.\ 



.^ 



jar c iriU in lite nwsnier be cbfuged 
Hie outflide of s, niid llie electricity which was expeUetl 
A, on arriving at the outeide ol'tbelajit jar of the series, will 
mducted to the earth. 

& metallic uomiectioa be marie from the knob of b to the 
of A, there will be a discbai-ge of the first jar only; fiir 
gh the coimectioii is iniuL- with the kijob of B, none of the 
electricity witliin that jar can be discharged, for it !» 
'. by the coercing force of the oppopdte electrioity on the 
Making coonoction between tbe knub of b and the 
is indeed only the same as makiug connection between 
and the outside coating of A. with which B is con- 
di If whilst the Jars remaia on their stands metallic con-- 
m be made between the outside of a and the knob of a, 
thoae jars will be discharged, and the thirtl will remain 
ed ; but by bringing a wii-e from the outside of c tij the 
of A, the three jars will be at once discbai^ed. The cuniu- 
I discharge of the three jars, however, would have no greatei- 
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1 the discharge of a single one. AU the electricity 

t into action is but the quantity thrown into, and f»l- 

r, the first jar, for it passes from the inside of one to the 

B of the other in succession. But if the jars when charged 

a &om the insulating staods, tbeir outside coatings being 

' together, and the knobs also united, on then making 

I between the inside and outside coatings of any one, 

B will be discharged at once, and the electrical effect 

e times greater than the discharge of a aingie jar. 
y an arrangement of Leyden jars Bimil&x to tW C 
a axe itccumulated Ecr 
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powerful effects of electricitr excited br frictioiL A comlnnk 
tion of this kiud is called an electrical battery. For convenienoe, 
the jars are placed in a box with divisions, the bottom being 
lined with tin foil, to make connection with all the exterior 
coatings. The knobs of the jars are connected together hy wiresy 
as represented in tig. 31 : and thei^ is a metal hook projecting 
from the side of the box c<:>nnected with the tin foil lining. Thus 
all the interior and all the outside coatings of the jars are con- 
nected : and when communication is made between the prime 
conductor and any of the knobs of the jars, the whole are simnl- 
taneou-sly cliargeil. They are also discharged simidtaneotuly 
by milking connection between the projecting hook and any 
x>ne of the knobs. The combination of several small jars is 
found l^etter than a smaller number of large ones, because the 
thickness of the gla.<s necessary in jars of large size obstructs 
induction thn^ugh it. By an arrangement of many jars an 
amoimt of electi-ic force may be accumulated that almost equals 
the destructive |x>wer of lightning. The batteiy used by Faraday 
in his ex|ierimeuts consisted of fifteen equal jars, coated eight 
inches up^imls from the bottom, and twenty-three inches in 
cireumferenct^ ; so that each contained 184: square inches of glass 
ooate<l on Ivtli sides, independently of the bottoms of the jars, 
which were of thicker glass, and contained each about fifty 
squaiv inches. The total coated surface of the battery conae- 
quoiitly e«iinpriseil 3,500 square inches of coated surfieu^e. The 
oltK^ti-icjil lottery at the Polytechnic Institution exposes a coated 
siu-taco of nearly eighty square feet. To receive ihe full charge 
of .such a Uittt'iy would be instant death- A battery of nine 
([uart jai-s is sutHciont to exhibit the deflagrating effects of elec- 
ti-icitv on a small scale ; nor would it be safe to receive a shock 
fixnii a Ixittoiy of that size. 

It is a tact deser\-ing consideration that the accumidation of 
nuantity diininislioa the intensity of electricity. For instance, 
an v>i\linaiy oltK^triftil machine when in goo<l action will emit 
sj Kirks tlnve inches long. When a single Leyden jar is charged 
with twt^lve such sparks, the accumulated electricity will not 
toivo its [Kissiigo thi*ough more than a quiirter of an inch ; and if 
tlio s;uno i\uantity bo distributed among the jars of an electrical 
battorv, the discliai-ge will not take place tlnt)ugh the eighth of 
::u inch. The quantity of electricity in the latter instance is 
tho siiiiu', but tht' state of intensity diminishes in proportion to 
tho surtiKt' over which it is diilused. The difference between 
miautity and iuti'usity is still more remarkably manifested in 
tlio lUtU'ivnt conditions of fictional and voltaic electricity, as 
n vVy in.' .si/Kst.H|iK'ntly uoticetL 



tai charge. When communiraitioii ia made between the 
IdQ anil outside oontmga uf a batteiy conHiBting of seveml jars, 
whole of the electricity ia not immediately diacharged. On 
in m ftlring connectioii betweeii tL'e inside and outside coatings, 
^ a ahMt interval, a second discfaargo will occur ; which, 
_ comparatively feeble, might occasion a diaagreeable 
ik. The cause of thia reaidoal charge is partly attributable 
tlie accumulation of electi^city on those ptuiis of the jar just 
the metallic coating ; which portions, not being in dii«ct 
with the metal, are not conducted with equtJ. rapidity. 
of the charge also is contained in the intersticea of the 
I, and is thus removed from immediate contact with the 



The simplest kind of iufitroment employed for dischar^ng 
LiC^en jar or an electrical battery ia a thick curved piece of 

MB wire, fitted with a small ball at each end. One of these 

llfl ia applied to the outside coating, and when the other is 
ght near to the knob of the jar, the electricity instantly 
8 through the wire with a emart snap or report, connection 
jT thna made between the two charged sm&ces of the jar. 
L, however, a discharger of this kind is emjJoyed for an 
ical battery a slight shock is felt, owing to what is termed 

3 lateral dischnvge; thei-efore, to avoid the inconvenience and 

i danger that might arise from holding the wire in the hand, 

insulated wire ia gener- 

y employed. Its form 

repreeented in flg. 33, 

' Applied in dischat^- 

5 a Leyden jar. Two 

di brass wires, i. 
equal lengths, and 

umiated with brass 

1b, are jointed toge- 

a" at c for the oon- 

dence of adjustment, 

1 are cemented to a 

SB handle, b, which 

T«s to insulate the wi 

bility of any perceptible portioi 

' the operator. 

■There has been much discussion among electririans on the 

'igect of lateral discharge, in reference more particularly to 

) safety of lightning-conductors; we fihall tbie»&i' ' " ^-^ 




B from the hand, and prevents the 
■ 1 of the clwjge being received 
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It Ls the case with electricity, even to a greater extent tluDi 
'u'ith all fluid bodies, that it "vill dischaige itself into ereiy 
channel that is open to it. Thus, as in a monntain tonent 
sr>me portion of the water will deviate from the struct uA 
broad course into circuitous and narrow crevices, so will the 
highly tensive electric fluid force its passage through evm 
conducting medium, even though the course directly open to 
it appears to offer a free passage. It must be borne in mind, 
however, that as every water-course offers some obstruction to 
the current, so does even the best conductor offer resistance to 
the electric fluid; some portion of which is consequently diverted 
through every conducting substance by which it can be trans- 
mitte<I Thus, when a Leyden jar is discharged with a wire 
not insulated, a small part of the charge passes through the 
circuitoiLS and comparatively obstructive course offered by the 
body of the operator, by the floor, and by the table whereon 
the jar is placed. In the case of a single jar, the quantity of 
electricity that passes in that direction is imperceptibly sniall; 
but when several jars are combined, the lateral discharge may 
become impleasantly strong, especially if the wire of the dis- 
charging-rod be not very thick. Even when an ingnUting 
dlscharging-rod is employed, we may infer that some portion 
of electricity will force its way along the glass; but it is so 
infinitesiinally small as to be inappreciable. 

Applying the experience and inferences dediicible from ex- 
periments with the electrical battery to the more powerfnl 
effects of lightning, we are led to consider that every flash of 
lightning must be accomi)amed by lateral dischai'ge, and that 
the quantity thus diverted from the direct and easiest path 
]>ctween the clouds and the earth will depend on the amount 
of resistance which that direct course offers. Therefore, though 
lateral discharge must, to some extent, always occur, it may 
be rendered entirely innocuous by a sufficiently thick and un- 
broken lightning-conductor. In the Repoii; of a Committee 
appointed by the House of Commons to examine the plan pro- 
j)osed by Sir William Snow Harris for protecting ships from 
lightning, several eminent scientific men expressed their opinions 
that no lateral discharge could occur with unintennipted con- 
ductoi's of sufficient thickness. These opinions, however, could 
only have had reference to any possible danger likely to arise 
from the division of the charge in other directions; for it has 
been satisfactorily proved that during an electric discharge and 
the transmission of an electric cun*ent, some portions are diverted 
into every possible path. 

Jlevertin^ to the consideration of the electrical battery and 






ftriy the " nnivei'sa! discbaj-ger" aa tui iiiatnunent of veiy 

ll otUit; iu eleutrieaJ ex]ieriiin,'nta. It coiwista of a, wootlt-n 

e A, fig. 33, into whJeli are inst'rted three upright pillai'H, 

9 two outermost pillfira are uf glans, for the [lurpose of in- 




1 dilating the Lull-and- socket joints c c, through wlucli brass wida 
lide, so (i(t to briug them to any required distance on the 
1 table D, which ts supported o(i the central pillar e. The 
lOAj be raised or lowered by the slide E, and fixed by a 
The outer coating of the Leyden jaj or batteij is con- 
d with one of the rods, and the insulated discharger being 
I DOnuected with the other by means of a chain, the charge of the 
LtMttery is tb\is Teiy conveulently sent through any substance 
daced on the table between the ends of the two rods. 
Lftne's discharger ia frequently very useful in connection with 
; preceding instruiaent, as it is self-acting, and traoamits n 
seeaaion of chargi^ of regulated power. Fig. 34 will afford 
ft oorrect idea of the conHtructiou of this apparatus. A bent 
s attached to the wire of a Leyden jar, and on tlie 
J of the bent ana is a brass ball with a hole in it through 
Kwhioh the horizontal vnxe d slides, so aa to regulate the Hmall 
FlxtU at the end of it to any required distance trom the knob 
V «f the jar. A wire or chain e connects the horizontal wire 
K'Witii the outside of the jar; and in its course may be placed 
; universal discharger or any substance to be operated on. 
'a evident from this arrangement tliat the diachKc^iA t^ ^^ 
' IS jiw will take place, whenever the eleolticitj Y 
^^^^^cieut to overCQinc tbe c 
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air in the space between the knob of the jar and the ball of tlie 

discharger; and by the proper regulation of that 
distance a succession of charges of nearly equal 
strength may be transmitted without any interfer- 
ence with the apparatus. This kind of discharge 
is sometimes attached to the prime conductor of 
the electrical machine as a more convenient mode 
of appliance. 

For ascertaining the intensity of charge, an 
instrument constructed on the principle of the 
pith-ball electrometer is usually attached to tiie 
prime conductor. It is called Leslie's quadrant 
electrometer, represented in fig. 35. The pith hall 
A, attached to a light but rigid stem c, is suspended 
from the upright conducting pillar B, and is re- 
pelled proportionally to the intensity of the elec- 
tricity in the Leyden jar or battery connected with 
the prime conductor. The quadrant d is graduated 
to mark the degree of repulsion, and by this means, 
and with the aid of Lane's discharger, the intensity of any charge 
or succession of charges may be known and regulated. 




Fig. di>. 




CHAPTER V, 



laiSCELLJJfEODS PROPEKTIES AKD EFFECTS. 

lie elsetiw shook: its phjwolo^dal cffHcta — Apj.UMlion of electricity aa aoariitii-e 
— ExmrimfitU on bving uumals— -Henting poner uf ibe elKlnca] bitUry — 
All ewcCriciil uBects comeqaent on nsHBtajica— llliutmtivo eipenments : broken 
ghiH, thunder-bouse, pirating ba]« tbronjih card, fiiine gunpowder — The eltc- 
Irii: light; inatnutaneons dontian of tbe epsrk calDuIntMl— MagnutiuDg and 
dsoompwinj; power of static diutndt; — Chemiinl decompositioi;. 

7bably all the properties of accuniiUated electricity may be exem- 
"l^fied by mfaus of a cylinder macMae of nine inchea diameter 
md a battery of nine quart jara, assisted with, the ncoompanying 
h|iparatnB wliich we Imve described. Many of the pheuomena we 
ueabonttonoticarequireonly a single jar for their development. 
The sudden contraction of the muscles by the peculiar actdon 
)f electricity on the nerves is at all times startling and dlsagree- 
" i, and when the sensation of the ahock was quite novel, and 
ihe consequences unknown, the dre-ad that it occasioned was 
■ ' f natural, tho\igh the exaggerated accounts first given of 
sta seem now to be ridiculous. We have already noticed 
i zemarkable effect of a charge sent through the brain, aa 
nibed by Dr. Franklin in his dangerous-seeming experiments : 
Mit without venturing on such powerftil charges as he distributed 
tt fear, the sudden loss of mnacular power may be proved 
iriihtnit danger by sending a comparatively small shock from a 
an^e jar through the spine. When a powerful charge is sent 
tbrou^ the lungs it is said to cause a violent shout ; and a much 
niuller charge through the same organ occasions involuntary 
laughter. Tho derangement of the nerves by the sudden shock 
bas the effect of causing, in nervous persons, continued trembling 
of the limbs for some time afterwarda ; and a frequent repetition 
yl electric shocks is by no means desirable. 
When the iwwerful influence exerted by electricity on the 
m was discovered, great hopes were entertained 
b it would prove a valuable remedial agent. These hopes 
lave, however, for the most part been disappointed. Several 
BB, indeed, are recorded of wonderfvi cvvrea (fieri ' ' ~^ 
il ageacy,,thoug]i they seem to have beetvit 
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the imagination thtm oD the direct influence of e 
In casefl of i^hrunic rheumatism rapid micceaaioDs of feeble d 
tiic HhockB or vibmtioua have been found to afford relief; I 
generally HpeiikiiLg, the application of electricity t« meilical pi 
poses hao hitherto failed of success, probably from ignonmC« of 
the means by which ita powers may be rendered aerviceable. 

Of the experiments made on living creatures with a view 
ascertain t)ie amount of char^ sufiicient to produce death, those 
on eels are the most curious. Difficult as it is to deprive them 
of life by ordinary means, they ai-e killed instantly by a poww- 
ful elecbic charge ; and when such a charge is sent through i 
part only of the body of an eel, that portion is deprived of Bfe, 
while the other part continues to exhibit signs of vitality. It 
has been observed that the bodies of animals killed by electricity 
veiy quickly decomijose ; and this fact seems to explain wlwt 
Franklin was inclined to conceive a mere " fancy," when be 
thought that a turkey killed by electricity ate remarkably tenda- 

The fusing effects of electricity were known before it wW 
aoknowletlged to iiossesa the property of imparting heat ; anJ 
Rome of the early electricians entertained the notion that the 
deflagration of thin leaves of metal by the electrical battery WW 
produced by what was termed "cold iusion." 

Some illuatrations of the ignitiDg power of the electric apwi 
have been already mentioned ; but to exhibit the heating effects 
of electricity on metals, and on other less inflammable sub- 
stances, requires an electrical battery containing a considerable 
amount of coated sur&ce. 

Let a thin strip of gold, silver, or copper leaf be attached by 
moisture between the rods of the universal discharger, anil 
connect one of the I'odH with the outside coatings of the batterj- 
jars. When the battery is fully charged, as indicated by the 
elevation of the ball of the quadrant electrometer, apply one of 
the knobs of the insulated discharging-rod to the second rod of 
the universal discharger, and bring the other knob of the dis- 
charger in connection with one of the knoba of the batteiy- 
jars. The charge will thus be sent through the strip of metol 
leaf, which will be instantly deflagrated. If the metal leaf be 
laid upon paper, the part whereon it was placed will be scorched, 
aad traces of metalKc oxide will i-emaiii. A small length of 
very fine wire may be deflagrated in the same manner. 

The deflagration of the metal leaf and of the wire are caused 
by the resistance which such a small thickness of metal offers 
to the passage of the electric charge; for ii' they be a little 
thicker, so as to allow the electricity to "jteaa uiove freely, the 
metah will be made red tot witWofc \iiang, ta-^ft^A. « %, -^ 



I oast« of electiicttl action, only by the reBiatancc 

offer to the passage of accumulated electricity that it); 
ce is m&iiiieated. Through metala suiSciently thick to 
!t,it freely, electricity paasea without any sign; but a 
f chars^ sent through an imperfect conductor may pro- 
lestructive effects, in cousetiueuce of the resistance it 
tters. Xhia observation applies to all electric action wbat- 
, provided the resifitance h« not bo great as to prevent the 
rge. T/ia nutnifeatfUiori of dectricity is a proof of re»ia- 
<^mvd U> its parage; and when Hie reaislanee m decreased 
irieal ^«U are diminished. 

• foUowing experiment affords a satisfectory illustration of 
oreaae of effect by increasing the reHiatance. Paste a 
strip of tin foil across a small piece of aheet glaas : ou the 

it place a corresponding piece of glass, perfectly dry, and 
both together with a weight. The charge of a tottery 
tins be sent through the tin foil without any perceptible 
Gut away a snmU port of the foil, so as to leave a break 
' middle aborit the sixteenth of an inch. The battery 
. may oven then be sejit between the glasses without 
[ but the electricity will mauifest itself by a bright spark 
iwint of separation in the foil. Increase the interval hy 
[ away another portion of the foil, ho that the resistance 

electric fluid may be increased, and on then repeating 
charge the glass will be shivered 

apparatus called a " thunder-houae," constructed for the 
e of showing tho action of 
ng - conductiirs, illustrates 
tttia&ctorily the effect of in- 
\d resistance to the course "'*' 
tobic discharge. A piece 
ksy about an inch thick 

into the form of the gal 
a faouBe, A fig. 3<> ; and the 
bU square wooden shutter 
uy be easily taken out a; 
, at opposite comers. 

wire B c, rises above t 
y, pHfises down the house ai 
lie shutter to the hook c, tli 
pected with the outside of 
luiyden jar. Wlien the jar la 







n the ((iagram, the ahutter 
j^pirouit 18 not interrupted -, but 



Fig. 88, ^ 

ut \£ ^ih^^^^^^H 
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turned, so that the -wire may be in the direction marked by tbe 
dotted lines, the continuous circuit is broken, and the resistaiioe 
which the electric fluid meets with in crossing the inteiYening 
space causes the shutter to be forced out to some distance. 

Another and very simple illustration of the effect of increas- 
ing the resistance to the passage of electricity during disraptive 
discharge, is afibrded by sending the charge of a Leyden jar 
tlirough a card, when it is moistened and when it is dry. When 
a moistened card is interposed between the discharger and the 
coating of the jar, no perceptible effect is produced, because the 
moisture operates as a sufficient conductor to diminish the resis- 
tance. Let the same amount of charge be then sent through a 
dry card, and a hole will be made in it of the size of a large pin 
hole. On looking closely at the hole thus made, a burr will be 
observed raised on each side of the card, as if the penetrating 
force had operated from the centre outwards, in opposite direc- 
tions. In all other cases of the exhibition of electrical force 
in which the direction of it can be distinguished, the same 
appearance is observable, the disruptive action seeming to be 
always exerted in opposite ways. 

The discharge of a Leyden jar may be prolonged by intei^ 
loosing an im])erfect conductor; and by thus diminishing the 
rapidity of the passage of the electric fluid, it will produce effects 
that its more I'apid action renders imattainable. Thus, if a 
small (i[iiantity of gunpowder be laid on the table of the uni- 
versal discharger, the effects of an ordinary discharge will dis- 
perse the powder without igniting it ; but if the metallic circuit 
be intermpted by a basin of water interposed between two ends 
of the connecting wires, or if a wetted string form part of the 
circuit, the discharge is prolonged by the increased resistance, 
and tlie force, though less energetic, is m(»re effectual in igniting 
the gunpowder, which then explodes instead of being dispersed 

Several forms of appa- 
ratus have l)een contrived 
for exhibiting the electric 
light. Spangles of tin foil 
are pasted on to glass in 
various patterns, so ar- 
I'anged as to form an in- 
terrupted line for the pas- 

sage of the electric fluid. 

Fig. 87. By means of Lane's dis- 

charger, a continuous stream of small charges is sent through these 
breaks in the conducting metal foil, at each of which a brilliant 
jsjmrk appears, representing in Vivid '^ii^ft t^i^ CicvVc^ ^EV'sca^^Vvj 
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_ Dsitioii of the breaks in the foU- In the dark thin 
pition has b. veiy beiiutiful effect; and whes a lengthy 
b is patterned on the glass, the Himultaneuus appearance 
prks at all the breakB acrres to show in some degree, the 
iltaiieoua charajiter of the electric dischai^. 
Le mmplest form of ap]>aratiiB of tliis kind is a tnbe about two 
p diameter, with circular pieces of tin foil pasted in a spiral 
B. it, from the top to the bottom, the upper part being 
led with ft brasa cap, as shown in fig, 38, When thS ""^ 
is held in the hand and presented to the prime con- 
p of an electrical machine, brilliant aparka pass 
ptaneouBly between the spirally disposed spangles. 
nimes HeyeraJ of these tubes are mounted on a stand, 
pre made to tmpport a glass cupola which is also 
ted with spangles. With an electrical machine in 
prorting condition, this little glaaa stmcture may he 
bmtly illuminated, and will took like a miniature fairy 
le of light. In other devices continuous striiw of tin 
fee poated on a sheet of glass, and words or pattern 
iit,aaonfigure37(Heep. 106),which become luminous 
lucoessionof diBchai^esfroma Leydenjoi-iorby hold- ' 
be brass knob with which the metal foil is connected at a 
I distance from the conductor of the electrical machine. In 
saogement of the tin foil spangles in devices, care must be 
, that the sum of the spaces between each is not greater 
the space through which the electricity of the jar will 
irge itself Sparks from the prime conductor of the 
io machine will traverse over a much greater space than a 
irge from a Leyden jar, but the light is not so intense. 
^nded chain also serves to exhibit the brilliancy and 
itaneouB nature of the electric dischai^e. Tivid aparks 
z at the junctions of the numerous links ; 
the chain is hung in festoons, beautiful lumii 
■y is produced. 

B diamond jar affords another beautiful illustra- 
if the light of the electric spark. The internal 
xtemal coatings of a Ijeyden jar, are composed of 
iber of diamond shaped pieces of tin foil, pastcfl 
Itheir angles at a small distance a^tai-t from each 
When a jar of this kind is charged in the dark, 
ttjons of light will be seen proceeding from each 
pmnta of sqmration, both in the inside and on the outside, 
poutivie electricity enters the jar and the ne^^Me ^U»*iv- 
" aa the oataide. On discharging t\te^azu 
'■*^'"*]^»ritB will be seen betwM" ■" 
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The instantaneous duration of the electric spark has huk 
shown in a striking manner by a very ingenious applicatkm, 
l)y Professor Wheatstone, of one of the properties of "vision. 
The retina of the eye, it is well known, possesses the pecuhai 
l)roperty of retaining the impression of an image for the ei^th 
jiart of a second after the object that produced it is removei 
The eighth part of a second may perhaps seem to most peisons 
a duration inappreciably small ; but those accustomed to note 
time \yi\l detect with the naked eye, a variation of the tenth 
|>art of a second in the vibration of a pendulum, and by 
moans of the copying electric telegraph a variation of the thou- 
sandth pw-t of a second may be detected and rendered visible. 
It is owing to the duration of the impressions on the retina that 
a lighted stick, when moved rapidly in a circle, appears like a 
circle of liglit, for thei-e is a continual renewal of the impressioiui 
on the i*etina by the light from a similar position before the 
former impressions are extinguished. Were it not for the reten- 
tion of images by the retina, the line of light would appear to 
be bix)ken, and tlie different positions of the lighted stick woidd 
be indicated by separate sparks. It is owing also to the dura- 
tion of impressions on the retina that a circular screen containing 
figures or patterns painted on it becomes a confused mass of 
colour when turned rapidly round. 

It may bo easily conceived, however, that if only instantaneous 
sight could be obtained of either of the whirling bodies, it would 
bo soon in its true form ; that is, the lighted stick would appear 
as a st^itionary spark, and the figui-es on the screen woidd be 
distinctly visible, and would seem to be stationary, though in 
ii^ality rovolving very mpidly. It is by applying this principle 
lliat tht^ dui-.ition of the olectric spark may be determined. A 
IMiintod soroou is turned round i*apidly in the dark, and is lighted 
at intorvals by olectric sparks from aLeydenjar. The figures 
on tlu' soroou soen by this occasional light appear quite distinct, 
and ti> bo at i\»st. The velocity of the screen's motion is regu- 
l.iU'il t<» a known number of revolutions in a second, and by 
inoi^siHiny: tlit» ntpidity a speed is at length attained at which the 
^•olou^s booouu^ oonfused ; even the instantaneous duration of 
ilu- oUilrio spark afibrding time for the objects to be seen in 
iih»j\' I han ono |K»sition. The rapidity of revolution being known, 
:nul also I III' dnratiou of impressions on the retina, the length of 
iimi- iliat lii^lit is thmwu on the screen just before the figiu^s 
luitinK' vont'u.sod may hv ostimatecl Professor Wheatstone has 
a-v Ti lainrd iKat ilio iluratiiMi of the electric spark is not longer 
iliah ilic niillii>iitli |»iirt of a stKHmd. 
TIjc (/('ttiio >iKU'k sooms, \udced, to \)e m\ic\i \o^VL^:v \vi >5^^*, 

i 



D of Ihe imjvession hy tlie eye causes tlic durtt- 
of the light to remain for the eighth part of ft seconil, 
Jl th* light itself only lusts the millionth purt of ihnt time. 
ih uf lightoiug in equnllj iiiHtantaneciua, hjiiI all objects in 
n seen in the night-time by lightning i^pear to b« at rest, 
a cannon ball in rapid flight would appear Ui ho motiontew 
t air. "As quick as liglitning" has become a proverbial 
Bfflon, though few persona are aware how very instautaueoni" 
Uy ia 

long the remarkable properties of electricity, its magnet- 
uid deconi[>osiing powers ileserve to bs e9])ecially mentioned. 
will be noticed mors jiarticularly when we spoak of that 
Lcation of the force exhibited in the voltaic battery ; bnt a 
Kamples of the exercise of those powers hy statical elec- 
r will serve to show that in these, as in all other respects, 
is a close resemblance between the chemically excited and 
Uitional agent, 

, a aewing-needle be placed on the table of the universal 
jger, so that several charges of the electrical battery may 
(t throngh it ia quick succession. This can be most con- 
atiy done by connecting LaJie'a dischatger with the inatrn- 
Afber the needle has been thus operated on, it will bi' 
'. to poBsesB magnetic properties, and the effect will bo 
hBed if the needle be placed in the magnetic meridian 
J the experiment 

J decomposing power of statical electricity may 
(wn. ly passing a succession of electric sparks from 
acihine through litmus or turmeric paper mois- 
■with a solution of sulphate of soda. The salt is 
taoomposed by the electric agency ; and the acid 
tod from the soda will colour the paper red if Utmus 
d, or if turmeric paper be the re^agent, the alkali 
ited from the aoid will give it a brown st^n. 
ocperiment succeeds better when the electricity 
^cted from the prime conductor to the paper by 
I, or by some other form of diachaj^e which will 

a constant current of electricity of a lower 
» of intensity to act on the salt to be decomposed. 
) decomposition of water may be illustrated by 
\g a rapid succession of charges from a Leyden 
' " " a the ends of two wires inserted in a glass 

J water, the ends of the two wires in he-'"- 
p being about half an inch apart At each dischat^ 

tmUilea of hydrogen and oxygen gases tiRe iroifl ftxB 
'b tbo proportioa of two parte oE tjdtogien. ' 
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of oxygen, that being the proportion in which the two gam 
combine in the constitution of water. In the arrangemflnt 
represented in fig. 40, there is a stop-cock at l^e bottom of the 
tube for the escape of the water, as the space in the upper part 
of the tube becomes occupied by the gas. The gases thus 
evolved, if mingled together, will explode when a light is brought 
near; and if the experiment be conducted with great care, and 
on a sufficiently large scale, a quantity of water will be formed 
by the re-union of the gases during the explosion, exactly 
corresponding in weight to that of the water decomposed 




Ir. Thompson's eiperimontB wilh a lightning-ca: _ 

I» of » Ihnndap-atonn— DiBbiral oondidons of Brtiflcia! eleotridty nnd liglitn 
J^tning-EondDcIora — SitppDMd danger tram tatsml di8cliaiee>~Vari 
[■of lightning-condncton— 8iifi.'ijt plue in s thDnder-etumi — Gaasea of 
Iricaj Uate af the cloatib — Ehcct ligfitning and forked lightniog — Thnode 



identity of lightning and electricity ■was fiiUy proved by 
fha, and by the French electricians who Bucceeded, \^ 
fmeatiiig according to his directions, in drawing lightning 
lihB clouds. The fact was so completely estahlished by the 
a:penments on the eubject as to leave no douht that Ught- 
Is the effect of electrical discharge between the earth and 
londa. The principal object of succeeding investigationB 
pea to determine the peculiar conditioos of the electricity 
B douds, the means by which they become charged, the 
tf the dianiptive discharge, and the moat effectual meana of 
Eng against its effects, 

por Beccaria, of Tiuin, a oontemporaty of Franklin's, made 
\fyl and Tery extended series of observatiuns on lightning 
||tmon)heric electricity, which have scarcely been surpassed 
|i>He of Bucoeeding electricians. In his experiments he made 
ffi kites and of pointed rods, and uaed a great variety of 
lat different places. He paid particular attention to the 
kranoes presented by the clouds during thunder-storms, of 
b- the following were the most remarkable : — 
the first appearance of a thunder-aturm is one or more 
b clouds increasing very &st in size, and rising into the 
^ r^ons of the atmosphera The lower surface is black 
pearly level, but the upper finely arched and well defined. 
f of these clouds seem often pUed one upon another, all 
Id in the same manner, hut they keep continually uniting, 
png, and extending their arches. At the time of the for^ 
ffa, or approach of the dense cloud, the atmos]>here is 

y full of a great number of separate dovvAs, kv^^^-V?*, 
iFpeouliar shapes. Ali these, on the a^'^etfi 
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'li'iiiiier-oIoiiiL <iraw- a«ir towajrlt^ eg unti bt^come more unifhti 
in uliirir '^aurj*^^ ik» zhxiv .irj[jr;iu.'h. un.rnl nbjeT coalesce into oi 
inity.nu. mikibw Wli^a zh.*^ nlLinLtL^r-oIoad has increased to ^ 
■zrvac -iiaf. i^ u;w»ir "jursict? i» ■;fon ni(£^ned. piuticalar part 
i.-*^iiiiC 'i*:tiiciirjtL a*;w:ir»iii zh.*i eiiniu bin sclII ci>njiected with the 
T^iiZ. Sjiut^cLaies uiit^ j.'y^r -RinJu.'e -jweib into Tarious lai^ 
pr)Cui>*nL^.otfi*, pHni'fn.r Mnfri rii.v Trt.^wAnLi the earth : and some- 
tinit^s t.^ae engirt; <bi*i ;r ulie ■.■it;a«i will clllv^ an. inclination to the 
►urtii. An.*i the ex:xvuL:':v wiil neariv ■c«:.aciL the sround. When 
the eye L< uii<ier the thunJer-oii.'U*!. ajffcer it bis gD:)wn lai^ and 
well-t'.^ruieu. it i^j seen Zi> >ink L«;wer. ajid (Lkrken prodigiously; 
;iLt the ^iU3ie time thiit a n^iniL^'er oi <niaJl cL:^uds are seen in rapid 
ui»?ti«.>D. i.lri^"iu^ alx^u.t in very uncertain directions under it 
Whilst thesje clou.cb> axe dj£ita.ueil with the mosst rapid motions 
the rjkiu genertilly tkLU iu the ujeatest plenty, and if the agitation 
l>e exceedingly ^:reat» it generally hivLLN 

" WTdle the thxiiider-cL.'u.d is ^welling and extending in 
branches over a lar^ tract of ct.>antry. the lightning is seen to 
ilart from one j>arx of it to an«.^ther, and often to illuminate 
the whole mas& When the cloud has acquired sufficient extent, 
the lightning strikes between the cloud and the earth in two 
op|K>site places^ the path of the lightning lying through the 
whole body of the cloud and its branches, "fiie longer to 
lightning continues* the rarer d«>?s the cloud become, until at 
length it breaks in ilifferent places and shows a clear sky. 
When the thundei>cloud is <.iis[>erseiL those parts which occupy 
the upj>er regions of the aimi.v>phere are equally spread and very 
thin, and tht>se underneath are black, but also thin ; and they 
vanish gradually without l^eing driven away by any wind, being 
dissolved into invisible \'a[KHir.'' 

Experiments on a scale of \-ast magnitude were for some years 
conducted by Mr. Cn.>sse, of Broouiheld. near Taunton, a gentle- 
man who, secluded within his own domain, which he converted 
into an extensive electiical laboratory, endeavoured to dive into 
the secrets of nature, and to trace the agency of electricity m 
the construction of rocks, and even in the creation of Hving 
creatures. This philosopher collected electricity from the atmo- 
sphere by means of what he teimed an *' exploring wire," which 
extended for several miles over his grounds. This wire was 
insulated, and connected with many pointed metal rods, which 
were supported and insulated on poles fixed to some of the 
liighest trees in his park These poles were erected in all direc- 
tions, as far as the eye could reach, and the exploring wire 
fjonnected with them was made to terminate outside the window 
of tho Jaboratory. A thick -w^re coTXini\3CDiQab\}m%Nr^ -^Xsa earth 
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KM' supported on & pole near to the exploring wire, to wrTOU | 

& Bafety conduit for the electricity when it was emitted in a«ch 
{Qftntities as to become diingerous. When ejq)eriments ^ 
performed in the labonitory witli the accumulated eli?ctricity 
xJlecteil by the exploring wire, it was introduced through the 
nmlow by a connecting wire; convenient arrangementH being 
nade for applying the force with advantage, and for securing 
ihe safety of the operator, . 

The follovring ia Mr. Crosw'a account of the constructioD of a 1 
inmder-cloud, a§ examined by tlie exploring wire; and of hia ] 
oewB of the distribution of the electricity ; — 

" On the approach of a thunder-cloud to the insulated atmo- 
i^ieric wire, the oouduotor attached to it gives corresponding 
ignB of electrical action. In fine cloudy weather the atmo- 
{dieilo electricity is invariably positive, iuoreusiug in intensity 
i annrisa and sunset, and diminishing at midday and midnight, 
varying as the evaporation of the moisture in the air ; but when 
^ha thonder-cloud (which appears to be formed by an unusually 
:gowsrfal evaporation, arising either from a scorching aun anc- 
eeediDg much wet, or vice versa) draws near, the pith balls 
gU^fflided from the conductor open wide with either positive or 
fixative electricity ; and when the edge of the cloud is pei-pen- 
dlgiialar to the exploring wire, a slow succession of dischsj^s 
'takes place between the brass ball of the conductor and one of 
KjWi. Hze carefully connected with the nearest spot of moist 
nmnd. I usually connect a large jar with the conductor, which 
|aa«aseB the force, and in some d^p:«e regulates the number of 
iUh etxplosions ; and the two balls between which the dischai^ea 
BOBS can be easily regulated, as to their disUuice from each other, 
iiy a. Bcrow, After a certain number of explosions, say of nega- 
a electricity, which at first may be nine or ten in a minute, a 
rtion occurs of some seconds or minutes, aa the case may be, 
Q about au equal number of explosions of positive electricity 

« place, of similar force to the former, indicating the passage 

^^ tuM ojpposUdy and equally declrified zones qf the cloud; tiien 
fitllowa a second zone of negative electricity, occasioning several I 
e dischaigea in a minute than from either of the first pair of 
.ja ; which rate of increase amieara to vary according to the 
s and power of the cloud. 5ien occurs another cessation, 
lowed by an equally powerful series of dischaiges of positive 
'city, indicating the passage of a second pair of zones : these 
e manner are followed by others, fearAilly increasing the 
liity of the discharges, when a reijvlaT stret 
pupted only by change into the opposite eVeo 
"gof eaci new pair of zoaea ia g 
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^ :lie two l»alls tx> a gKniet 

- vcitical to the wire, the 
• l.iCt'. chili iig which the 

• i;r.>t.< • »f thunder without 
■..-.: I ::COt •mpanied by a ciu^h 
■y.viiiij t"» i^et free Ixftwetn 

'Ji'-c-i. which is nrit a littlf 
•• 'Aw iiiTvrchaii^e of zt'iit-N 

- :vfil uuriiii; this iiitfn'al. 

3Iv l»attt-i-\- c^»nNi«^t^ of 

:■■-.: I'l >ui'tace on out ttv'' 

■,-. .1, ^nll 1 'fi-ft'Ctly fu^e iiit*' 

■. :u i'n»' IfULCth ; such to- 

When tliis liatteiT is ct'ii- 

.'A-, ihirini; a thiunk'r-s.t«'nii 

. :ni«l nf coiirso as cjiiickly 

-I'.v'ving my jars, I c«iimt*o^ 
::,rv witli hi-ass balL I'lu* 
. .:istaiici\s from oach other 
: : ; ry receives throe-fourths 
: ' . 11 n(UT-cl Olid is < > verheaJ. 

> ]»lace Ix'twcon tlie halk 
. » lu' conet'ivt'd. 

..p])<)sito ])nrti<)ns of tli«' 

into J»lay, and the clieet 

•'I all (lit's awav, and not 

- liere to jitl'ct a «^ohl-leaf 

:!;o air is rmiarkahlv fret* 

> :.il, l)oth lu'foro and after 
^ Metiines, a little previous 

• with th(^ eondnetor will 
. as if thev woi'o nantiui,', 
s-.urhance. 

:in insulated })late, coni- 

• hietoi", l)o clectrififd, tht' 

Vom the ecntrt' to tin* 

sijuares of the distane*' 

olond tln' rcvtrsc tak<'S 

Oi'iitrc to the (.•ii'fuui- 

'•11M'<1 ^;l\ of ])ONilivr 

'u' cfiiti'" of tho clou*!, 
^wrr with the former : 
•<!iiiii< in power to th-.- 

•.'\ ^u*.v.'v^YvVv\^^* \,v> th*' 



V ' 'WNnrici ty , nra^tf eziflt, on the tiunac6 of tii6 
■ of opposite or negative electricity, with it* cor- 
le of positive, and with other zone« of dectrified 
>Ddi]ig in number to those of the cloud above, 
ia oppoaitely electrified. A discharge of the 
B nucleus above into that of the n^^ative nucleua below, 
bmonly that which occura when a flash of lightning 
L or from the positive below to that of the negative 
|m tJie case may be; «ad this discharge may take place 
big to the laws of dectricity through any or all of the 
nding zone^ without ir^hieiydng their resp&^ve electricities, 
Bse tiian by weakening their force by the removal of a 
I of the electric fluid from the centi-al nuelens above to 
How; every successive fiufih from the cloud to the earth, 
^ the earth to the cloud, weakouing the charge of the 
kf aai, of which the cloud and the earth form the two 



1 appear, therefore, fiwrn Mr. Crosse's observations of 
Laomena of a thunder-storm, that the cloud from which 
Res occur is electrilied in concentric rings, each oue 
pg leas intensely chatted towards the estremity. As 
Dg or zone must of course become enlarged as ita distance 
|ko centre inoreasea, the quantity of electricity in each zoue 
(bbably be assumed to be equal; though to this point Mr. 
p obHO'^tious do not extend. 

1^ die electricity of the atmosphere is in all essential 
uis the same as the electricity excited by the t 
iditjon in which it exists in a thunder-cloud is 
Kj that can be artiflciaUy produced, in consequence of the 
pde of the scale on which Nature operates. The strongest 
imitted from the most powerful electrical machine does 
ned two or three feet in length ; and when nnmbers of 
H]^ are accumulated in an electrical batteiy, so as to 
\m e. feeble manner, the destructive effects of lightning, 
kge, when spread over the aur&ce of the glass, will not 
i ■mxj through more than two inches of resisting air. A 
ae between the clouds and the earth will sometimes occur 
pe thunder-cloud caimot be less than 300 feet above the 
)tnick by lightning ; though the resistance of the inter- 
paca is no doubt greatly diminished by the moist 
e and by rain. The eleotrici15' in the clouds immedi- 
pe t^ discharge must consequently be of a veiy high 
f iateosi^; and there is ample evidence, in the deatruo- 
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tion of imperfectly conducting bodies, of the immenae qiuo% j 
of electricity concentrated in a flash of lightning. 

The lightning-conductors attached to l^e tall chinmeyBrf 
steam engines afford the means of marking experiments in 
atmospheric electricity on a large scale. Mi. Lewis ThompHB 
experimented in this manner with extraordinary results at on 
of the tall chimneys near Newcastle. The lightning-condiuftor 
was divided and separated a few inches near the ground, tsA 
in the passing of thunder-clouds, torrents of electricity, aooooh J^ 
panied by a roaring noise, flashed across the separating sput 
In some of his experiments sparks fourteen inches long piuned 
between the ends of the divided rod. He endeavoured to apply 
the electricity thus collected to the deposition of metals fiwB 
their solutions, but without effect ; for he could not succeed in 
coating a sixpence with the slightest film of copper. The 
decomposing power of the electricity was, however, yeiy great 
when directed to the decomposition of water. For this poipoae 
he distributed the discharge through several hundreds of ci^illaiy 
wires inserted in glass tubes, and obtained a copious evolutaoa 
of gas. The hydrogen and oxygen were evolved, together, instted 
of being exhibited separately, as is the case in ordinary deo(Mn- 
position by the voltaic battery. 

A long spark from a powerful electrical machine, severed and 
zig-zagyed by the resistance of the air, nearly resembles in form 
a flash of forked lightning ; and in speculating on the mode of 
the action of lightning, the spark of an electrical machine, in 
consequence of its greater intensity, may be taken as bearing a 
closer analogy to it than the disruptive discharge of an electrical 
batteiy. In considering, therefore, the disputed question of the 
best mode of protection from lightning, and the effects of lateral 
discharge, we are more likely to amve at safe conclusions if the 
character of the discharge from the prime conductor be examined, 
i-ather than the more powerful, though less concentrated, dis- 
charge of the battery. 

The question in dispute in reference to the lateral discharge 
is, whether a lightning-conductor, allowed to be of proper thick- 
ness, will conduct a disruptive discharge safely fix)m the clouds 
without danger of injury from the passage of the electricity in 
other than the direct course. It is adduced, as an illustration 
that thei*e is danger in lightning-conductors, that when a dis- 
charge from an electrical machine is conducted to the earth by 
a very efficient wire, sparks may nevertheless be drawn fix)m the 
wire at any part of its course, though sparks cannot be drawn 
when the conducting body applied to the wire is connected with 
the wire itselt It has hence "been Vnieire^, ^«.\. ^'^ ~^^sst % 



_ iductor perfectly a&fe, all conduating l)odiea near it 
old have a metallic coimeotiuu with ttie rod. The simplest 
de ot' Tiewiog tiio subject of lateral dischai'ge, is to regard 
ty discharge of lightning as distri'buted among ail conducting 
ma in tie Ticinity, and forcing its way through every course 
Bn to it in quantities proportioned to the facilities offered for 
aamge. According to this view, we must consider that in 
y tiaah of lightning there is not only a lateral dischuige, but 
it may be termed a distrUvtive dvcharge within a definite 

uke quantity of e]ectricity that finds its way to the earth 
oogh these multi&rious channels will be pi'oportiouate to 
'ir relative conducting powers. Suppose, for example, that a 
e WM« joined to the lightning-conductor, and continued un- 
TTuptedly to the earth ; aa much of tlie electric fluid would 
i«i»iducted through that wire, in proportion to its thickness, 
Jibroogh the main conductor. If, however, the continuity of 
wire were intemipttd, the reaiatance oecasioned by the 
zfeot ooonection would very materially diminish the quan- 
t of electricity transmitted in that directiDn, though some 
a would stUl pass through the divided wire. We may 
Tfl that, in the same manner, every other substance, how- 
mperfectly it conducta, transmits some portion, thongh it 

Kbe inappreciably small, of the infinitely divided charge. 
s preceding consideration of the question is not calcidated 
niniah the value of lightning-conductors ; hut it points out 
' dftnger of dividing the discharge of lightning in auoh a 
r as to direct a large portion of the electric fluid from its 
couise. It was stated by Dr. Faraday, in evidence before 
Ccomnittee of the House of Couunons, that a man would be 
ran though leaning against the conductor of a ship when 
: by lightning ; nor is it probable that an appreciable 
ily of electricity would pass from the continnoua metal rod 
d a devious and resisting course elsewhere ; but if the man 
; against the conductor were at the same tune to be 
g on the iron cable, so as to form part of a commimication 
sea by another course, there can be little doubt he would 
L shock more or less severe. The author's personal 
I previously mentioned, enables him to speak of 
diatributive character of the dischai^e of lightning. When 
eleotnc fluid passed through his arm, that limb was sharing 
iliBpharge with many other and much better conductors of 
^anei^; and thongh the sensible eflect extended only from 
•wosi to the elbow, a smaller quantity of e\«:(^'nc\t^ ixau^, 
f to the pniidplt of difttributive diac^ 
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OiTOU^ hia body to the sapport on which he waa standing. A 
gerious instance of distributive discharge of lightniog occurred . 
tt few Bummei-a ago at Paddingtoo, A row of bnildings vu ' 
struck by lightning, and four men, at work in different homi, \ 
were killed. 

There has lately been much variety introduced in the forma uf 
lightning-conductors. In the early days of their appbcation, \ 
electricians questioned whether the elevated portion of the rod | 
ehould terminate with a metal knob or a point, or whether it | 
should be formed of a non-conducting substance. The point, 
however, gained the day, as it was rightly considered better tn , 
attract tjie electricity silently and gradually thmi to trust to tbe I 
rod only for conducting a disruptive dischaige. The notion of 
tipping the end with a non-conductor was simply absurd. Tiwwe 
who thufi attempted to keep off lightning might with eqnel i 
reason have erected a glass rod instead of a metal one. The 
opposite principle is now so generally adopted, that, with a yifW 
to increase the silent attraction of atmospheric electricity Vi ■ 
lightning-conductors, it is customary to add several branefuDg 
points. It may be questioned, however, whether any advantage 
is gained by more than a single point. 

A recent invention, to which her Majesty's letters patent ■*«!« 
grftBted, exhibits a etirious miseoBceptifm of the ti-ae propertiffl 
of lightning-conductors. The patentee terminfttes his lightoing- 
conductora with a great number of tnagnetized ateel pmnlg, coO' 
ceiving, no doubt, that as there is an. intimate connection between 
electricity and magnetism, the magnetism of the points wobW 
add greatly to their attractive power. As iron and ateel io not 
conduct electricity so readily as copper, the latter metal is tie 
best for the purpose ; and it is employed by Sir W. Snow HanU ,, 
in his system of protecting ships from lightning. The greater 
expense of copper prevents its application to buildings, and * , 
proportionally thicker rod of iron, coated with zinc, or, as it U ■ 
commonly called, "galvanized," to prevent it fi-om rusting, 
answers the piu-pose very efficiently. 

At the meeting of the British Affiociation for the Advancement 
of Science at Liverpool, a discussion took place in the presence of 
Professor Faraday respecting the best form of lightning-condnctoW 
for tall chimneys, lighthouses, and other high buildings. It WBS I 
stated, that factory chimneys are frequently damaged bylig^it- [ 
ning in consequence of the metallic fixings of the conductor to the ^ 
brick work, and to remove this source of damage it was proposed , 
by Mr. Naamyth, the inventor of the steam hammer, to suspenil 
the conducting-rod innde the chiumey by branching arms resting i 
^^^^^ the top. Severa.1 mstances ci£ ^ia«g;e^ cuoss^ \^ iii^g^n 

^Bk.. — fl 



inectionB lo atone work in lighthmisea were mentioned by 
ofessur Faradiiy, who atrtingly ivcommenJed that in all cases 
hen lead or other luetal is uxed to bind stotie wurk togt-ther 
metallic connection should W continued to the lightning- 
ndactor. 

Suildings having lightning-conductors elevated sieveral feet 
e the highe^it point, aj« in little danger during a thundet^ 
a. In dwelling-houses not bo protected, the place of grtateat 
y is an nndor-ground ceUar. Those who are alarmed, and 
b do not like to descend into the cellar, will do well to lie 
D on a Bofe near the middle of the room, taking care to 
d the proKimity of suspended niotal chandeliers, or any other 
lemipW metallic body. Persons who are exposed out of 
k thunder-storm ahould avoid taking shelter under 
b; for though trees possess sufBdent conducting power to 
tab lightning, th^ are not such good conductors as the 
ids of the human body, and the electricity will consequently 
I its course to the earth through the better conductor. 
1 the mountmn valleys of Savoy, application has been made 
! podated rods to draw the electricity silently fixim the atmo- 
I for the porpose of protecting the vineyards from the 
) effects of hail, wliich frequently accomijanies a 
term. These conductore of electricity, termed para- 
tUt, have been found to answer very effectively. 
^aitere ia much variance of opinion respecting the requisite 
i of lightning-eondnctora. A French commiaaion ap- 
to determine the question reported that a rod of iron 
n-tenths of an inch square ia quite sufficient imder all cir- 
Bstances. In the lighthouses and public buildings in this 
Eatry, bars of copper three-quarters of an inch wide, and 
lat a quarter of an inch thick are employed, and as copper 
tdocta dectricity seven times better than iron, these oondno- 
8 are consequently much more efficient than those recom- 
1 for adoption in France ; yet several lighthouses so 
1 have been damaged during thnnder-stonna As the 
moe of a Metal rod to the conduction of electricity ia 
y increased by its length, a thinner conductor is sufficient 
' a dwelling-house than is required for a lofty building. 
■Wires will sometimes serve to conduct lightning safely even 
a 80 thin aa to be melted by its transmission. A remarkable 
Mice of this kind is noticed in the following hitherto nnpub- 
!d letter of Franklin's, which will Ite read with comnderable 
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«< Philadelphia, Mcath 1^ 1755. 

" SiBy — I am bnt just returned from a long jonmey, after 
near six months' absence, and find your £EiToiir of September 29, 
by which I have the agreeable advice that yon expect to be able 
to remit me something in Smith's affidrs very soon. 

" As to the thickness of wire necessary or snfBeient to ooih 
duct a large quantity of lightning, concerning which you denie 
my sentiments, you will find something on that head in paga 
124 and 125 of the enclosed pamphlet, which please to aooqii 
And I may add, that in my late journey I saw an instance of % 
very great quantity of lightning conducted by a wire no bigger 
than a conmion knitting-needle. 

" It was at Newbury, in New England, where the spire of 
the church steeple, being seventy feet in height above the belfiy, 
was split all to pieces and thrown about the street in fragmentek 
From the bell down to the clock, placed in the steefde twenty 
feet below the bell, there was the small wire above mentioned, 
which communicated the motion of the dock to the hamm^y 
striking the hour on the belL 

" As far as the wire extended no part of the Steele was hurt 
by lightning, nor below the clock as far as the pendulum-rod 
reached, but from the end of the rod downwards, the lightning 
rent the steeple surprisingly. The pendulum-rod was about 
the thickness of a small tobacco-pipe stem, and conducted the 
whole i^'ithout damage to its own substance, except that the 
end where the lightning was accumidated it appeared melted, 
as much as made a small drop. But the clock- wire was blown 
all to smoke, and smutted the wall by which it passed in a 
bixxid small black track, and also the ceiling under which it 
wi^ oaiTied hoidzontally. No more of it was left than about an 
inch and half next the tail of the hammer, and as much joining 
ti> the clock. 

** Yet tliis is observable, that though it was so small as not to 
Ih* sutlieiont to conduct the quantity with safety to its own 
suWtaiiet% yet it did conduct it so as to secure aU that part of 
tho building. Excuse this scrawl, which I have not time to 
a>pv titir. — I am, with much respect. Sir, your very humble 
sv^rvaut, B. Franklin. 

•' I*. S. — I liaA'o just been reading a similar instance taken 
tVom tho JounuU des Savaiis for 1676, page 113, viz. : — 

** * bhi 1676, lo tonnere ^crasa le clocher de I'abbaye de Saint 
Mviliud de Si>issons ; la foudre se porta a une grand distance le 
h'ju^^ ilvs tils d'aivhal qui f! mTiTf\in\ic po\ftTvt j^.VbQYlo^e-', ^U^ f<\Tvd\t 



I mrdes m^talBqneB asns fiure d*Butm dSaonbw dans tont le 

Bjet' 

" To Mr. J.uiES BiRiUT, Merchant, Antigua, 
Per Capt Snook, J. D. C." 

L The continuous dischat^es of the electric fluid dorinK a 
nmder-atorm occur more frequently from cloud to cloud tnaii 
1 the clouds and the earth. These discharges of 'what 
B called " sheet-lightning" may often be observed at intervala 
only A few Becouds apart, and occurring with that rapidity 
r some hours, varied from time to time by diachorgeH between 
B clouda and the eartL 
Severail causes have been assigned for the electrical condition 
the clouds. The simplest hypothesis appears to be that 
minus theory of Franklin, which well 
Jilains the varying circumstances of the accumolations of 
'oily in the atmosphere, and of its Sequent changes from 
riti-ve to negativa The iact that the natural capacity of a 
idy for electricity varies with changes in the extent of ita 
e, hiis been already noticed. The capacity of steam and 
r for electricity, therefore, very greatly exceeds that of the 
T irom which the steam ia evaporated. TJiuh, when evapo- 
iD. takes place from the earth, the vapour is combined with 
it quantity of electricity in a, latent stat«. The condensation 
'the vapour into clouds diminishes its capacity, and a quantity 
' etectricity is consequently set fi-ee, surrounding the particles 
I mist; -As the mtst collecto into drops, a further amount 
! dectrieily is liberated, and the intensity of its conchtion is 
% tiiough the actual quantity of electric fluid remaiiiK 
On the other hand, wh«u a cloud " melts into air," 
e etqiacity of the invisible vapour is greatly enlarged, and it 
Mrbe ^e free electridly which was jireviously contained in 
i dond. The changes continually t^^cing place in the elec- 
m1 condition of the clouds may thus be accounted for by the 
Btinuol changes of state in the condensed vapour. 
33iat the convention of water into steam excites electricity 
g the enlargement of ita volume, may \ie readily proved by 
» experiment of patting a hot cinder into water contained to 
4^ cap plac«d on the top of an electrometer. The sndden 
ration of st«am immediately canitefi the gold leaves of the 
Ctrometer to diverges The wat«r, 1^ incraunng in votmne, 
9 its capacity for electricity incnMcd, utd ah«orbn it from 
I surrounding UkUoi, lesring ttie Glectrometer in a negalivt; 

fronD (be mc&eeat A* f^ktf^lB 
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trical condition of the vaponr may be modified oonsidenbly by 
the comparative rapidity or slowness of the process; but it may 
be assumed that under all circumstances the vapour obtains, at 
the time of its formation, the quantity of electricity natural to 
its state of density ; and that it does not become actively elec- 
trical, by being plus or mimis, imtil it undergoes a change of 
state when it has risen in the air and become insulated from 
the eartL 

When the clouds are ^ in such a highly electrical state as to 
cause a discharge between them and the earth through a large 
intervening space of the resisting air, it might be imagined that 
one such discharge would neutralize the condition of the clouds, 
and that the thunder-storm would be ended. But it must be 
borne in mind that the condensed vapour of the clouds is a very 
imperfect conductor of electricity, and that one cloud, or a 
portion of a cloud, may have its electricity discharged, whilst 
another adjoining cloud remains fully charged; in the same 
manner that an excited rod of glass emits a succession of dis- 
charges to a conducting body brought to different points of its 
surfaca Thus when the electricity of one cloud is discharged 
whilst the surrounding clouds remain in a highly electrical 
state, a constant effort is made to restore the equilibrium, and 
the discharges fix)m cloud to cloud, called sheet-lightning, are 
the consequence. 

The reverberating sound of thunder is produced by the devious 
course [of lightning through the resisting air. The amount of 
such resistance cannot well be calculated, but as the resistance 
of the air to the motion of a musket-ball, when propelled at the 
rate of 1,600 feet in a second, is equal to twenty pounds on the 
square inch, or to 120 times the weight of the ball, some notion 
may be formed of the immense resistance encountered by the 
electric fluid in its instantaneous passage through the air. The 
first peal of thunder heard arises from the concussion of the air 
at the nearest point ; therefore, assuming the direction of a fiash 
of lightning to be from the clouds to the earth, the thunder will 
be first heard from the part where the lightning strikes the 
ground. The subsequent successive reverberations are occa- 
sioned by the comparatively slow progress of sound; those 
rumblings of thunder last heard being, in fact, caused by the 
first impulsive action of lightning on the air. 

We have heard it remarked by Faraday as a curious error of 
artists in their representations of thunder-storms, that they 
make the lightning pointed towards the earth. Now, if it were 
possible to trace the course of a flash of lightning by the eye, 
the part near the clouds, being the more d^^^oofc, 'woxs^.^. w^-^^Kt 
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to be mnch more pointed than that part which would be seen 
approaching the eartL 

The phenomena of the aurora borealis and of " fieJling stars ** 
are attributable directly to atmospheric electricity. In the 
upper regions of the atmosphere electricity is readily conducted, 
and flashes of electric light are transmitted through the highly 
rarefied air with little resistance. The experiment of sending 
flashes of Hght through an exhausted receiver exemplifies, with 
considerable accuracy, the phenomenon of the aurora, but there 
are other circumstances connected with it, in reference to the 
sources of electrical excitement and the conditions in which the 
electricity is developed, that remain undetermined. 



CHAPTER VIL 

ELECTRICITY FROM HIGH-PRESSURB STTEAIL 

Steam, an abnndaDt sonroe of electrical exatement — Fnd&m. of water tin enoi 
of exdtement — Faradaj's experiments on Hig^Pressare Steam — ^Hydro-Eke* 
trical Machine — State of the electricity excited by it— C<mifaination oif ouu^ 
and intensity— Effects of the Electricity thus excited on a large aeale— Yanoos 
conditions of the Electridty exdted. 

The excitement of electricity by the emission of high-presBCiie 
steam is the most recently dLscovered means of disturbing the 
electrical equilibrium ; and it affords a more abundant supply 
of electricily of great intensity than any other artificial souic& 

The circumstances that led to the discovery of steam-excited 
electricity have been already mentioned,* and we have also 
stated that this peculiar excitement of the force is due to the 
friction of particles of water issuing fit)m the steam jet. It had, 
indeed, been long known that the friction of fluid particles, or 
of the minute particles of bodies not ordinarily considered as 
electrics, gave rise to electrical phenomena; but there seemed 
to be great difficulty in admitting that the friction of particles 
of water — the presence of which fluid in ordinary cases is the 
chief impediment to electrical excitement — should be a source 
of electricity. 

Before considering these remarkable phenomena, we shall 
notice some of the previously known facts that have the closest 
analogy to them. 

When the powder of almost any substance is introduced into 
a pair of bellows and blown against an inclined plate or a metal 
sieve, electricity is developed. Even when powdered ice or fine 
frosted snow is in this manner expelled through the nozzle of 
the bellows, there is a strong excitement of electricity. When 
metal filings slide along a plate of the same kind of metal, or 
are shaken through a wire gauze, the same effect is produced. 
It is observed in these and in all simijar cases, that the metal 
against which the particles impinge is in an opposite state of 
electricity to the powder itself. Proceeding from the friction of 
powders to that of liquids : if paper, cotton, or other non-con- 

* History of Electricity^ ^a^e 50. 



^ 'b&idtti iatiittg ft I0n^ mriiuie be c|niA)y imni«ried in 

mercnty, or if particles of mercury be allowed lo fall upon them, 
aigus of electricity are exliibitod. Aicolin], vnnusli, or liquid 
Ttaoa pvojctited against roughened glass, or against an insuUt^il 
metal plate, also excite electricity. 

In tlie foregoing phenomena the electricity ia excited without 
kny change of state in the sntiatances ejcciting it, and we at 
unce attribute the cause to irictiom But in the case of <?lec- 
fcricity developed by the emisaioii of higli-preBsure steam, there is 
1 obaiige of condition from a highly compressed to an expanded 
bnn, that seems sufficient to account for the excitement of the 
Sectncity without admitting the seeming anomaly that water 
t an electric; The experiments of Faraday, however, have 
placed the question almost beyond doubt. 

The apparatus he empioj^ in those inveatigiitions consisted 
If a ^lisdrical steam-boiler, which was insu luted by being 
ilaced on three blocks of shellac, and Imd attiiched to it a 
lorizontal tube about five inches long. Near the end of thi? 
Sube was a iai'ge stop-coek and a hollow metal globe. In tli« 
nee of this " steam globe," opposite to the tube, was 
ta a^ertare into which he could screw the jets of various fornw 
irith which he operated. The diametera of the jets were small 
tomptued with the size of the globe and of the diameter of the 




abe connected with the boiler. 

|abe and hoUow gh>be; Mid figs, ii and ^3 ahow two of thv 
jefM attii^bed to the globi; for tli^- <:tui»- 
cion of the Ktuim. Oni: of tbHw, fig. 
- ^% cunsiMtod of a wetitl Uibe idiftiKMl 
lik« a fiiutwl, iind a suuJJ ooue aUuauil 
l/V a Hcrr^w f r an iiiBuUtlu^ arm, ta 
iitiLt the ilurtano- of the coue from Um 
Ofjcfturc of tliB HUUiVV y«t, <»a\& W 
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a feeding channel joined to it, and famiahed witli a stop-oook, 
no that any liquid in the vertical pipe might be allowed to 
dow into the jet during the emission of the steam. All the 
experiments were made with steam not exceeding in pressure 
ten pounds on the square inch. The electricily of the boiler 
was indicated by an electroscope, or by a discharging electro- 
meter, and it was the electricity of the boiler that was generally 
ubserved in these experiments. 

To prove that the electricity excited by the emission of steam 
from ^e boiler is not attributable to mere change of state or 
\^pori2ation, the valve was opened wide without allowing the 
escaping steam to impinge on any solid matter, and under those 
circumstances the boiler exhibited no sign of electricity. Neither 
was there any electrical indication when the steam was allowed 
to escape through the jet, ^, 42, without being combined with 
moistura So soon, however, as water collected in the jet and 
was impelled by ihe issuing steam against the small cone, 
powerful electrical excitement was apparent. From this 
circumstance Faraday inferred that the electricity excited was 
due to the Motion of the particles of water against the cone. 
To produce this effect, however, it is necessary that the water 
should be pure and unmixed with anything that improves its 
conducting power. The introduction of a drop of acid or a 
crysti\l of salt into the steam globe was sufficient to destroy the 
efftHJt 

Coues of various kinds were tried to ascertain if the electrical 
excitement varied with the substance against which the frictioD 
of the water took place. It was foimd that with some sub- 
stiinces — ivory more esi)ecially — there was scarcely any elec- 
tricity developed This variation in the degree of excitement 
is a further proof tliat the effect is due to Motion. In all 
cases the electricity developed on the resisting cones was nega- 
tive, and that of the steam positive. 

By using the second apparatus, fig. 43, vaiious kinds of fluids 
could be introduced into the jet, and thus the effect of their 
friction against the cone could be ascertained. Spirits of tur- 
pt'utiiio, oils, and varnishes, were introduced into the vertical 
Ui\k\ and alloAved to fall through the stop-cock near to the 
i>ritico i>f the jet In all these cases electricity was evolved, but 
its cluinicter was changed. The vapour thus charged with 
i*osiui>us particles became negative, and tlie boiler itself was 
cluwgiHl |HV»itively. 

Still further to pi*ove that the electricity excited was caused 

by friotii>u of the liquid pirticles, and not by changes of state in 

tJjo ^rtviiii. Fanuhiy attiiched tbe ^ets to a ^\o\>e oi c^ro^^x^ejaa^d 



When QiuiBt air was tLuu al!ijwe<l to impinge againBt tbe 
iting oono, there was a deTelopmunt of electridlj; but 
lie air was perfectly diy no electricity was perceptible. 
£y means of the feeding tube, fig. 43, experiments could be 
idily made with various kinds of powders, auch as sulphur, 
uoh, rown, powdered flint, && In these cases electricity was 
nrarfuUy developed, and the character of the electricity was, 
: might have been anticipat«d, changed by the nature of the 
AHtonce and of the cone against which the frictioual action 

The effect of the ftxcitement of electricity by the e 



it-mteaaiv steam is not fully develojied unless the steam be 
IH to a pressure of fifty pounds on the square inch. The 
constructed for exhibition at the Polytechnic Institu- 
ie Hb^ largest machine of the kind yet mai:le. The boiler 
£^ 44, is constructed on the same principle as the tubular 




B of steant pngines bemg perforated longitudmally li> 
i tiiTough which the draught of the furnace pa.sses The 
h of the boiler is six feet six inches ; its diameter, including 
jft'&mace, which is in the centre, is three feet six inches. 
» are foriy-sis bent tubes, T, at the top for tW esca.'^ *A 
~ etabes are made o£ iron, but lihB ^Aifi 
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which the steam issues are formed of partridge wood; tbt 
material having been found by experience to give the best 
results. In front of the jets there are several roi¥8 of metallk 
points, for the purpose of conducting the electricity, as quicklj 
as it is excited, to the earth, and thus to prevent its return to 
the boiler from which the sparks are taken. The boiler is 
insulated from the ground by six stout glass pillars, B B B, about 
three feet high, on which the apparatus rests. 

The pressure of steam commonly used in experimenting vith 
this apparatus is sixty pounds on the square inch. When in 
frdl operation, with steam issxdng from the forty-six jets, the 
torrents of electricity evolved bear some resemblance to thoae 
described by Mr. Crosse as having poured forth from loB 
exploring wire during a thunder-storm. The electricity excited 
combines quantity with intensity. Though the sparks emitted 
are not so long as those from the large plate-electrical machine 
in the Institution, they are more dense, and approximate to the 
character of the spark from the discharge of an electrical 
battery. The length of the sparks that may be taken from the 
boiler is about fourteen inches, and at the distance of six inches 
there is a rapid flow of electrical discharges, too quick to be 
counted. The large battery of the Institution, comprising 
eighty-four feet of coated surface, is fully charged in eight 
seconds; though it requires at least fifty seconds to be charged 
by the plate-electrical machine in its best action. 

The sparks from this apparatus ignite gunpowder and inflame 
paper and wood shavings, and by this means also numerous 
effects of electro-chemical decomposition can be exhibited. 

That the excitement of electricity by effluent high-pressure 
steam is caused by the friction of condensed water agsunst the 
jet from which the steam issues, has been shown also by this 
appai-atus; for when the jet and the pipe leading to it were 
heated, so as to prevent the condensation of the steam before it 
issued forth, scarcely any electrical effects were produced. The 
amount of electricity was increased by lengthening the pipe, so 
as to cause greater condensation. It is for this object that the 
emission pipes of the apparatus are bent so as to allow the water 
to collect near the apertures. 

With the small apparatus employed by Faraday in his experi- 
ments the effects were very feeble compared with those of the 
hydro-electrical machine at the Polytechnic Institution. In 
some respects, however, this more feeble excitation of electricity 
was of advantage, as it afforded the opportunity of detecting 
changes of state that would not probably have been noticed 
under the influence of much stronger preasuxe. It ^«»a foxuad, for 
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aae^ that eleoferioal €#eota oottU 0T1I7 be obtained -witli (hose 
ep preAsurea when dietilled water was (•miiloyeA The addi- 
I of any soluble substance that improved the conducting 
rer of the fluid, prevented its acting as an oloctric with ao 
B, degree of friotion. 
One of the many curioua resiUta derived from theae esperi- 
, that water may claim, to rank among the firat of 
litiye electrics. Faraday, indeed, conjecturea that further 
restigation will place it at the head of all substances as a 
ritLve electric; for even glass became negatively electrical 
a exposed to friotion with the emitted steam of pure water. 
The exdtement of electricity by effluent steam affoi^ a 
[ illustration of one of the numerous ways in which 
agency operates without our consciousness of its 
An ordmary locomotive engine generates, during 
nute of its onwai-d course, a force sufficient to destroy 
l^toneously all the passengers it propeU. This force, how- 
's dissipated as soon as it is created, and it won only by 
nt that ita existence became known. It is the same witli 
itly all the chemical changes that are taking place around ua 
a the burning of a candle, there is reason to believe, puts in 
m an amount of electricity greater than that of a thimdet^ 
ji, though no means have yet been discovered of eliminating 
1 force toy preventing it from being dissipated un])erceive(l 
Bome oUier chemical actions, however, less energetic than 
D-bustion, the accompanying electricity can be not only 
eoted, but it ia developed in quantities, compared with whidi 
s exmtement of it by friction is altogether insignificant. The 
■■ 1 of the phenomena of the electricity excited by 
1 agency, to which we are about to direct attention, 
utitntes, indeed, the moat important practical branch of 
c scdenoe. 



CHAPTER YIII. 

ES«. ITEMEST OF VOLTAIC ELECTEICTTr. 

.- \...:rUitLl A tiectriciry ':•;•• zietaEic contact and br ch«racal art::-:; — Ma 
!ue:i^.» oi chfciiiicai aA-tion asd electricitT — Simple Vchak crck — Cons 
£ :I;c Voltaic pile — liectitv of Voltaic and £ncrk*ijLl elecrricity- 

.-,ar„/4Ae. lie iasats — Conditioiis reqmate for the excT*ii:r-; ■;* Vckiui 
.:j — SjUd lUic lit^Qiii el«rxeiits of the battery — ^Tbeir siidiins aci re-a 

!-.u:i^^/'s hvputhvsis v: coaductioin through ^uids — ^BesKtance to the 

.ujit-L'— Ohm's f'-raialae — Local action in batteiies. 

"L'HJi viiso.fvti'v, bv Galvani. that muscular contractions a: 
luctj nv the c«JUUict of dissimilar metals, and the rapid : 
xivc :ia*.iitions to that discovery by Volta and others, hav 
loviotd iu our intnxluctorv sketch of the histc»rv of eleoi 
We shidl now proceeil to explain more particularly the 
leicr and phenomena of the force thus generateil by ch 
icUou. 

The simplest manifestation of the excitement of a p 

■ >icc l>y the c».>utact of metals is obtainetl by placing a j- 

-iiv." ViuJer the tongue, and a piece of silver uj;»on it, an 

.":i.«\v Ai^ the metals to touch. Bef ire co»ntact, no senxii 

'^Lc^l\ed lK.yoiid the mere pi^essui-e of the two han:l c-ubi 

^ .^^.1^': :he tongue ; but the instant that cc»ntact is mad< 

..v\ ..L^aiiievI bv a stivng metallic taste, which continues 'w 

..».;^..!>n1^.-. The same sensation will be i»erceived, if, 

.:^ \ \.Ls ui!^ aiv kept st^jvirated, a metallic connection K 

^ . V. . V :. . iv ... 'i>\ u^uehing each one with another piece of 

^\ iv . ; ..^;e of ziiw is immersed iu diluted sulphuri 

^ .\..' ^vwU;; iuuiK\liatelv commences. The water is c 

■\ .!iv -^ujvrior aihuity of its oxygen for tlie zin( 

■ .v.llMl.n, and the hydrogen is liberated in a c 

^. •. 'M'i»jU\N The decomposition continues unt 

.. k ..N v'xluui.sted bv the combination of the si 

m 

.. . ^: iLiiiig, in ivimection with the oxygen pon 

. . .'. ^i'.iulv^s of water, soluble sulphate oi 

^ '^L-.x vhemical action which takes place « 

'.\^iuwii K*^i* f^i' experimental purposes. 

^ ..^> .. >;.UN o\\>lve<l in these cases is exact! 

\\s\r» I hat o.>mbines with the zinc with 

X ;,\\ ui the vfateY decom^^vL 



iplftt 
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WWi the snrface of the ziiic pla.te is well ft.tnii.lg Hinii.tjd with 

rcuiy, the oontinuoua deompositioii of the water m prev«it««L 

ly Uiose particleB of*fluid in immediate contact with the 

Ul are then. decompoBed. The hydrogen gaa colleota in 

3ver the Biir&ce of the plate ; but they do not 

irize to detach themselvea &om the metal, and 

kte consequently becomes coated with innumerable minute 

leB of hychvgon gaa. This g&seona coating protects the 

ifrombiangfiirtheracted onby theaddulated wat«T; audit 

il thus remain in the licjiiid, unchanged, for a length of time. 

|uece of sheet copper may be iminerBed in the same vessel 

snt cauaing any alteration in the state of things, so long as 

I netala are kept a])art Bring the copper gradually closer to 

aaa, until scarcely any perceptible space intervenes, still 

« will be no change ; but the instant that tlie metals touch, 

ni^ action eommeneeB, The bubbles on the surface of the 

traasferred to the cupper, and rise rapidly to the top of 

fluid: these are followed by continuous successions of bubbles 

I, Mi rising from the copper surface, as if the chemical action 

taking place with that metal. It is the zinc, however, 

t is alone attacked, and being deprived of its protecting 

ting of bubbles, it continues to be converted into sulphate of 

ontil, as in the previous case, the free sulphuric acid is 



It IB not necessary for the production of this effect that the 
■ ' i should touch in the fluid. If the lower ]iart8 only of the 

be immeraed, and the ^ 

ler ends are brought to- 
ter, the formation of 
tWee proceeds quit* as 
ikly OS when the metals 
I in contact In the liquid. 
itjter is it requisit« that 
copper and itiuc plates 
iold touch each other. 
■the lower ends be im- 
raed, and the j«rts out 
t^e fluid be connected 
h a wire, as in the an- 
ted diagram, the evolu- 
1 of bubbles from the copper siurfitce will continue, tliougii 
; so r^fUy as Iw-'fore. The diminution in tliu action a 
pi the resiatauce which the wii* oHera to ti\o ^laissAS?' s' 
ianx, but by increasing t\ie thickness q 
._.. . ^ g^ ■becomeB itiove V" 




_j:.tricity. 

nt 5>liown in tlie figure, let 
ill the extent of surface im- 
ut? inclies. The total evolu- 
- '.vill be givater than before, 
- ..sod extent : for if the tliick- 
: > not eon\'^JlX)n(l -^ith the 
\ -.11 diminish the effect. Let 
. .L'.'tlier remarkable phenomt- 
•i then so much greater tkii 
^••. that thin "w-iix?, that it is 
V'l:^ wire ^\dll ]>ecome redli«»t. 
'.v even melted in the act of 
':. ivouliar power by means if 

.v::on bear but little ajipjireut 
"■' . :K>\ver of deeom|>osing water 

. v'ommon to both ; but it is 
. • ! .at no ai'gument in favour of 
.. :'Hinded on those phenomena 
• f.is the means of assimilatinc 
>;.Iv to that of th(» electricity 



. .• and co])per plates in a vessel 

>:*.' of cloth soaked in the stiiue 

"otals, the etfect will be nearly 

.-.^Titained in the cloth acts oli 

•lutallic connection is made 

': -iiuiilar results may be thus 

^!khI in effect. 

•••:ulv means of increasin<r thf 

V .-.ni of a singh^ i)air, of whicli 

^. -noted a pile consisting of a 

. '.». moistened cloth interposed 

x"A\ a zinc disc. Upon that 

-;■ -0 ; on that a circidar piece 

,:il discs, having jnvviously 

■.vi. On the cloth was laiil 

.1 again cloth, and so on in 

X 't' alternate metid discs and 

• vnted in fig. 4(). To ]»re- 

w.'V su])])oi-t.ed by vertical 

.., . Kvd on th(^ toj) to keep 

. ^. '." ihe plates in such an 
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s perceived, esactJy resembling that from 
3eu jar feebly charged. The shock ditfere, however, from 
f & Leyden jar iu the continuity of 
tot, for aimihtr shocks are coutinucd 
Id sacceesiou as long as the con- 
u betweeo the plates, through the 
is maintained. This physiological 
preaenta a clear analogy to the 
of the Leydeu jar ; and diiTerent 
be manner of ite excitement, and ' 
nt alao as are many of the mani- 
bnii of the chemical agent, the 
filiation of the force in the Voltiiic 
lointed out at once ita identity 
electricity. Subsequent investi- 
iB, more especially the experimen- 
Beoiches of Faraday, have eatab- 

this identity in almost every 
alar. "»** 

» action of the Voltaic pie gradually diminishea irom the 
t is first put together, until at length the effect ap]>eftra to 

This diminution of power is more rapid in proportion to 
lorgy given to the pile in the fiist inatance by the larger 
ity 1^ a<^d mixed with the water. To restore the original 
C, it is necessary to decompose the pile, to clean the ^inc 
opper discs, and to moisten the cloths again. Such an 
1^ is therefore attended with much trouble. To obviate 
otie, contrived another ammgement, which he called a 
me lie ta»»et. He connected a jnece of zinc to a piece of 
r by soldering to them a short length of bent copper wire. 
ig procured a number of plates so connected, he put them 
^amee placed In a circle, and containing acidulated water, 
I care so to dlitpose them that the zinc and the copper con- 
1 together should be in separate glasses, in the manner 
tented in fig. 47. 

'the copper plate in glass 1, a wire is attached to servo aa 
Sitctor for forming connection. In the same gloss there is 
1 plate connected with the cop]jer immersed in glass 3. Jn 
Banner each glass contains a zinc and copper plate con- 
1 by a wire. The plates are kept apart in the fiuid, and 
BOMB may be continued to any extent. By bringing the 
attached to the first plate in connection with a similar 
loldered to the anc plate in the last glass of the seriea, the 
1 iiDmndistely coramencos, and it is more ot Xeea \iAieos» 
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.. ci* I nlates. This arrangement is, in 

... «.. i«<L- :o the pile. A much larger qnan- 

■ ..:^iir zo iiot on each plate, consequentlT 

-. L.:-;v Liminish; the plates can be readily 




» V 



Tig. 47. 

. .ai'jras is not wanted, and the acidulated 
. '. .ia\ :ov the immersion of the plates when 

... . "f.'-'itme de tosses tis invented bv Volta 

. I..V iKK.iiili.-ations for convenience in use, to 

.i.urv that is most generally employed. A 

... ■■i:'«isiiiii!: of 100 plates of cojipt-r and zinc 

. » I.; _;t uonito electncity in snflici»Mit quantity 

■■.\\\ itiauner inost of the phenonu-Ra of 

' : is viosir.ihle, howovcT, ht.'foi-e noticinfj 

.:^.■n^•nlona of tli(i voHmu^ hattfrrv, that wf 

■ .'.' ■ ut Its action. 

.. — rr'u'ut of a. siii<ifl(> j)air of plates (fi^r. 
. .',-iivnis iiocvssjiiy for tho cjccitcnu'nt 
i! .lotiou. Wc o])sorve two inctiils 
\.^ :i much fitroiigcr Mlliiiity to oxygen 
v>.iii-laritv in the chemical aflinitics of 
.1 M all similar ari'-angemciits to he 
.\- >'\oitcuioiit of electricity; and the 
X I tat or small surordiiiic to the dein'ee 
... N :■.! clieir relations to <>xvireri. 
.. cvi-icUv l)V their mutual actions aiv 
• ler; those })laced iirst acting in 
. oj'iH'r does to zinc: — 



. ■ ...vr. 



/. liii. 

8. Iron. 

9. Zinc 



.. ^.v A w ill con.stitut<» what is termed 
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i KTonit HaB> ^d will esdto Ttd^aia wtioa. in I 
ubination witli irou ; iron will take the place of iiiiic wUeii 
alijued witli tin ; aud tiii will tako tho plara of iron when 
abiiiLtl with copjier. The eiiei'gies of these combinatioiia 
.Be aa tlie luotals are more distant from each other io the 
Thus tLo roost pnwerAil praotical combination is that of 
B and "platinum i the fotmor beitig the most uoniuliblc, luid 
I Utter the least corroilible of tlio orilinai'^ metals. 
Xhough two plate's afG necessary iu suL'h an uraugemutit, 
f oue of thein is aotive in the excitement of dootricity, the 
a plate eurving merely ae a conductor to coUwt the foroe 
flP^ieA. A metal plate is generally used for that purpoat:, 
moe meUls conduct electricity much better than otiier sub- 
ifi68 which expose an equal surface to the iiuids in whidi 
r Are immersed ; but other conductors may be used, and 
mft proportionately larger aurfacc is exposed to compensate 
ia&tdwt conducting )>ower, they unswer as well, aod in some 
taDCW even better than metal plates, CSmrcoal has been 
i^t^ed OH one of the elemcnta ot a voltaic battery; but the 
^^^ advantageous is graphite, a very hard aubstance that in 
id egierusted within gas retorts. As it in altogether impcr- 
I to the action of acids, it may l>e ranked even above 
tUfta in the scale of non-oxidizable boilicH; and thoiigli not 
gpai A conductor as that metal, its lincty gruuulattid or 
'1ized texture exposos so large a surfiuse to tlu) fluid, that 
iducttng power ie practically nearly etjuul to it. 
V« Ii&ve hitLerto considered onfy the solid elements of tlui 
'icTaattory. They form, indeed, the most consjiicuomi jiartH 
eorrangeiuent, but they serve merely an the interiuudtati! 
!■ for tlie development of the electric force, llie cheuiiual 
B ttiat gives rise to the excitement of iilectritaty takea phw* 
Ig ibe decomposition of the liquid in which the {dateH urn 
nwd. It is essential, tJierefore, to the formatiou of au 
,Te voltaio arrangement, that tliu Uqiud employed sliould In; 
kble of being decomposed. Water is miiat conveniently 
limble for the purpose. It« eleiuents, oxygen and hydrogen, 
Mpofated \iy the superior affinity of the oxygen for thi; nnc; 
' kUy when that affinity is heightened by the oonni^on of 
BC with an iuoorrodible metal, to which the hvdrogni khk 
i decomposed moleculea of water 'u attnioteiL Wlusther 
dMtiici^ evolved lie tlw eauae or uiMicly thi- elloct of 
nieal action, is at jire«eut unknown. In whichever way 
phenomenon be reganlal, the electricity ajni-nn to Iw 
itod at the surface of the activi? pfait<^ t« l» Uv.^utiie \XVB^ 
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.-.^ vi.v. o :htf zbxCf forming what is termed an dectnc 

.... > i vtry imperfect conductor, it offers so mndi 
jc [lassage of the electric current that a very 

r\ -t" voltaic electricity can be excited when wate 

« ..^....'vta; v.'s^Kjcially when the plates are at a oonsidCT- 

...... ^v a[.«4Ui. By the addition to the water of an add or 

V. >.v-.r, tlio conducting power is greatly increased, and 
. .-. ...Liu ''i augmented in a coiTespondir^ d^ree. It is 

..vv. ;'oiiic whothor the increased action from Sie addition 
.:ici».'c> r'nuu the improved conducting power alone, or 
.: .s u> Iv :iitributed also to the increased aflMtyof 
^^.i. 'I liio :icid to the zinc. The effect is most probably 
lu ■oiiii ottort of the two forces. 
V L V >c^. luitil CO the excitement of voltaic electricity that 
. ..V .ills >iiv»uld U* employed. A voltaic circuit maybe 
\ .1 xiii^U' \Ai\tv of metal, provided its two surfaces be 
•.uIouiuIn, aud the exciting liquids be kept apart 
Lii*.- pUico Iv ^vmeuteil into a trough so as to divide 
'uu» CN^o water-tight compartments, and diluted 
: v»..v .L^.■ul Iv |vu»A\l iuto one compartment, and a solution 
• ...:;. 11 >;ilt ill Co chc Other, there 'ivill be a strong manifesta- 
. UvLiicicN oa making metallic connection between the 
X :'% Nvu- is ic luwjsisan' that different exciting liquids 
'V iii[»Iovcvl , t'oi- it one of the surfaces of the zinc plate 
. ..' iiivi liu- ociKT ivuglu ^^o as to producc different 
U«u ou 'Aw two surfaces, a similar effect will be 
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; .ii:v»u of b\wiuliiv, the conduction of electricity 

.\U is ;u\\>iu^»iiuieil bv, if it be not owing to, the 

'.vvLKjK'^itioii of the intervening particles. When a 

. :,. "l:iu'. tor example, are connected together and 

.■:v..v»i ivivl, tho oxygen in the particle of liquid 

.. . .uiii ■ uiid "electric current," which are freqnentlj 

' V..'. ^liwuomeiia, arc calcTilated to mislead the student 

^M '.sv.iUil,\ ia known to bo a fluid, and that it flows in a 

.« 1... Shv-li tcniLs, it should be understood, are founded 

.\ . \ .i" the clivtrie force to fluid bodies. The nature of 

N>^u .lioi its trunsmission be in the form of a current, or 

« . M -Liv ;iius is undetermined. At the meeting of the 

-, \.:\..:ivi':ueut of Science at Swansc-a, a discussion arose 

.'. \h. V^uaduy was called on to give his opinion. He 

.. 'ww I tliou^^ht I knew something; about the matter; 

:^ ..ktcfiillv 1 !4tudy the sul^ect, the more convinced 

\ i.iiurc of electricity." After such an avowal from 

'.';v- .4^0, it is almost useless to sav tliat any terms 

I..; A- of dutricitv are merelv to te considered as 
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CONDITIOSS OF VOLTAIC EICIl-EMEST. 

contjguous to tlie ziuo enters into combin&tdon with the metal, 
nnd ite equivalent qoantity of hydrogen is disengaged. The 
hydrogen is not immediately liberated, but ia tntosferred from 
partiflle to particle of the liqnid in a continuons chain till it 
reachea the conducting plate, where, not meeting with any 
more liquid particles to which it can be transferred, it is 
libeiated in the gaseous form. The intervening particles are 
siqjposed to undergo temporary decomposition during this 
tiinafer from plate to plate, and to assume a polar condition, 
the oxygen ami hydrogen occupying opposing places in each 
partjele of liquid. 

The annexed diagram (fig. 48) shows, in an exaggerated form, 
Ihe cluun of particles of water through which the decomposing 
influence is supposed to be transmitted Toltaic action having 
been established through water in the vessel a fi-om the zinc 
piste z to the copper plate 
i^the ptoticles between the 
two metala are thrown into ^ 
* polar state; the oxygen of 
liadi being directed towards 
I, and the hydrogen towards 
6 The zinc plate absorlia 
^ oxygen of the paiticle 
Mairat to it, and the !ibc- 
rsted hydrogen combines 
■•ith lie oxygen of the next 
idjoiBing particle, and in this manner a cootinuona interchange 
'■kw place, According to this view of the conducting power 
offluids, no fluid can. conduct electricity unless it be capable of 
"ng decomposed ; the conduction being necesaaiily accompanied 
ly i train of Buccesfdvely decomposed particles. 

Ail chemical action ib believed to be accompanied by the 
development of electricity, though in only a very limited 
"MlW of arrangements can it be observed. It is necessary 
«* Bie sensible development of the force that the elements of 
w&e undergoing decomposition should be separated from each 
Whwin an imperfectly conducting medium, and he tranaferred 
Bi di&rent directions. These conditions are complieil with in 
iToltftio arrangement of a pair of plates of disaimilar metals, 
"MBarBBd in a decomposable fluid The positive and negative 
Motrioities thus developed, which in ordinary chemical com- 
"iatdonH immediately coalesce imperceptibly, are in the voltaic 
•Ctteiy constrained to separate, and in order to reunite mnst 
JWa ilong the conducting substances that connect tke gCTusta^m^ 
"^ "■ ! ooadactiBg phtea. But even the teat "voltina «xnxi^ 
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meiita do not develop the whole of the electric force accompany- 
intjj chemical decomposition. 

The causes that obstruct the development of electricity in a 
eminent have been minutely investigated by Professor Ohm, of 
Nuri'mbui*g, who has reduced them to mathematical formulse. 
The fi*ee development of electricity is opposed, in the first place, 
by the affinity of the elements of the exciting liquid for each 
other, tending to resist detx)mposition ; secondly, by the imper- 
fect conduction of the fluid itself; and in the third place, by the 
resistance of the conductinjij- wires. As the formula? deduced by 
Professor Ohm from these investigations have received general 
jicceptance among electricians, it is desirable to put them on 
record, and we cannot do tliis in a better manner than by 
copying the lucid explanation of them by Dr. Golding Bird.* 

" E = electro-motive force, equivalent to the affinity of the 
exciting liquid for the genei-ating metal, and coii'esponding to 
the amount of electricity wliich would appear in ciuTcnt if all 
op}H>sing cixuses wein? removecL 

*' R =■ i-esistance opposed to E by the contents of the cell, 
arising for the most part from the affinity of the elements of the 
exciting liquid for each other. 

" r = external resistance, arising chiefly from the imperfectly 
cM)iuluetiug nature of the wiivs used to convey the cuiTcnt. 

** a = active force, or the amount of electricitv wliich reallv 
readies the end of the conducting- wire. 

E 

a — 



\X-\-r 



*' The theoretical vahie of E is diminished materially in 
pi-jiotice by the affinity of tlie con ducting-plate for the ingredient 
of the exciting fluiil, which tends to combine with the genei'atiug 
plate; this alHnity, however weak, is still seldom absolutely 
null. The mutual affinity of the sopai-ated elements of the 
fluid evolvinl at the surfaces of the i>lates also lessens thr 
intensitv of E. 

•' The internal resistance, R, varies directly ^\'ith the disbmce, 
1), betwtvu the two ]>lates, and is invei*sely as the area of the 
s(H?tJon, S, of the excitinu; liquid. Thus, tlie ival resLstance is 
♦Npul to the former divided by the latter, or 

R = 5 

S 

"• /■, or the external resistance, so ft\r as it is dependent on 

• Elements ofXalural P/tiIo«ophs* 
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the conducting -wire, varies inversely as the square of the 
diameter of the wire, s, and directly as its length I, or 

^ l_ 

From these formulse are deduced the following general 
laws : — 

1st. The electro-motive force of a voltaic circuit varies with 
the number of the elements, and with the nature of the metals 
and liquids which constitute each element; but it is in no 
degree dependent on the dimensions of any of their parts. 
•. 2d. The resistance of each element is directly proportional to 
the distances of the plates fix)m each other in the liquid, and to 
the specific resistance of the liquid; and it Ls also inversely 
proportional to the surface of the plates in contact with thtj 
liquids. 

3d. The resistance of the connecting wire of the circuit is 
directly proportional to its length, and to its 8j>ecific I'osistance, 
and inversely proportional to its section. 

It must be i*emarked that the foregoing estimate of electrical 
force and resistances does not take into account the actual loss 
of electricity by the want of proper direction. The chemical 
action that converts any given quantity of zinc into a metallic 
salt develops a given quantity of electricity. Let it Ije assumed 
that one ounce of zinc will generate an amount of electricity 
equivalent to 1,000; that quantity will not bf^ diminished by 
the resistances considered by Professor Ohm. Those resistances 
relate exclusively to the time in which a given amount of 
electricity can be generated, and have no relation tt) 'dH^yMiX loss 
of electric force. ThiLS, in a well-construct^^l voltaic apfiamtus 
no more electricity is g(:nerd.t/hd than can flow in a cum^'nt 
through the conducting-uire. If the rcHLStance t/> the ctirn-nt 
be increased by diminishing the thickn^^s of the wir^; or by 
adding to its length, the action of the generating-plat*; l» 
diminished in a corre«jy>nding d^^gr*;*.', f/t that if only half the 
electricity is developed, only half the quantity of zinc v^ fum- 
simied; and to whatever ext^rnt the r<:^.ir.f^uf:tm are iufn^rw^t^i 
the ounce of zinc will, th«^/ntuMy at U:a>jt, j/nyjuc*; it* *:f\n\\Hr 
lent of electricity, thougli in a long';r time. 

In practice, however, an i%/^Mis\ 1'mh */( el^y.tridty d^^?^, g'jn^ 
rally occur, ari^jing \}rtUf^\Ai\]y fnut wfiat in ts»\]*'A " Kxsil 
action" in the gen':fr4tjng'piAt/;, If a plater '/f zinc »'<;n; \^r- 
fectly pure and hoiufj^.'^thfftv,, no ':hHf(iU:si\ stfUVfU woaJd futsnift 
when it was \mmnr!¥A tu 'Vi\nuA a/ruL l>tit witf:, ^^ vx '». 
commoDlT prrjczr*:^, ^^^itfjius^ ^^f\f\^.T^ mm, aittA '^Jlii^r \«iy"^ 
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which serve to set up voltaic action over its whole 8ur£su;e when 
exposed to diluted acids, and that causes a rapid decomposition 
of the liquid. The positive and negative electricities thus 
generated immediately combine, and are neutralized impercep- 
tibly, and much electric force is consequently absolutely lost 
This local action is in a great measure, though not entirely, 
prevented by amalgamating the zinc plates with mercury. This 
is readily done by first dipping them in diluted sulphuric add, 
and then sprinkling a few drops of mercmy^on the suife«e and 
rubbing them over with a cork. The effect of amalgamation is 
to produce a homogeneous sur&ce, and to protect the zinc &om 
the action of the cUluted acid until the affinity of the Hqmd for 
the metal is increased by the agency of the conducting-plate. 



CHAPTER IX. 



C BATTERIES. 



tenutj and qiuntitrr of electricilj conrndored — TronsfWrence of scciimulflted 
Bctian from plats to piole — Fanidaj-'s viaw of tlia action of tie Voiliiio Bitterf 
— DiBirent wnstruotioiis of Voltaic BBtlorica; CraikBhuika', Babington'e, 
fs'a, BnnBen'B, CaUan's 



HE electricitj generated by a single pair of pliitea potiHesaes a 
y low degree of intensity. The qiumtily m only limited by 
EDze of the plates, but no increatie of size alone will udd t<> the 
nty of the force. Thus, though a pair of large zinc and 

rper plates, inunereed in diluted milphuric acid, will fiiae any 
the metals, the elet-tricity they excite cannot decompoBe a 
(Op of pure water, because the force ia not Hufficiently energetic 
> overcome the reaiatance of the fluid. 

To increase the intensity of the force it is necessary to form, a 
B of conducting and generating-platea on the principle of 
'olta's arrangement a courorme de tosses. 

It will aimplily the explanation of the mode of operation of 
this combination of plates, 
tn consider, in the firat 
place, the combined action 
nf two pairs of platen only. 
In fig. 49, A and b are 
twt) cells, containing dil- 
uted Bulphnric acid. Into 
cell A an amalgamated 
nna plate e ia immersed ; 
it being connected by a 
wire to a copper plate c 
in the cell r No voltaic 
^K-*i>- action would enaiie be- 

'een those two platea, because, being in a^iarate ceUs, the hydro- 

releiment of the particles of water set free at the zinc plate 
Id not be transferred to the copper. But by introducing h 
acond pair of zinc and copper platea s! and c' into the ceils, tl 
Mjisft-i" could take place, and the electvic cvircfefA "NsyiA^ 
* from z tot* ^ c', thence it ■W(mi4\ie c ' 
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second zinc plate s! by the connecting wire, and from th&t 
through the fluid to c, and back again to the first generating- 
plate by the shorter wire, which completes the circuit. 

In tracing the course of the electric current thus established, 
no notice has been taken of the action of the second zinc plate i:^. 
If that be considered as inactive, except as a conductor, the quan- 
tity of eltM3tricity transmitted would be very small, owing to the 
resistance of the imperfectly conducting liquid. But the zinc plate 
in the second cell is acted on by the diluted acid equally with 
that in the first ; and the effect is to nearly double the energy of the 
electric current excited by the action of the acid on the first zinc plate. 

The cause of this increased action is easily intelligible on the 
supposition tliat the electricity excited by each zinc plate is 
added to that transferred to it from other plates in the series and 
caiTied fon\'ard to the next in succession. Thus, for instance, 
a certain quantity of electricity ha^dng been excited by the zinc 
plate in cell A, it is transferred to the conducting-plate (/ in the 
same cell ; and it' a metallic connection were made between those 
two plates, the electricity would be directly returned in a short 
circuit to z. But as there is no metallic connection with the 
zinc, the electricity must pass through the wire to the sur&ce of 
c;', wliicli acts as a conducting-plate. The action of the acid on 
the zinc in the second cell excites at the same time a quantity 
of electncity equal to that it receives from the finst plate ; and 
this accumulated quantity being compressed within the same 
space, is transmitted with redoubled energy tlirough the fluid to 
the second conducting-plate c, and thence by the wii*e to the 
first gen ei-a ting-plate ;:;, to restore the electrical equilibrium. 

Accoi*diug to tliis ^4ew of the action of a voltaic battery 
consLsting of two pairs of plates, the electricity excited by the 
tii-st zinc is transferred to the second, where its force is double<l 
by the excitement of an equal (quantity, and both united traverse 
the wire uf the rctum circuit. On a nixing at the fii*st zinc, 
the quantity it excited, being half the accumulated amount, u* 
jKii-ttxl with ; but an equal quantity of fi*esli electricity is excited, 
and is caiTied on to the second zinc, where the same pix>cess is 
repeated; and thus the electrical equilibrium is continually 
ilisturlKHl and continually restored after travelling the vm^s 
that connect the plates at the extreme ends. When greater 
numlH-'i-s of zinc and copper plates are imited in a series, a similar 
transference of electricity from plate to plate takes place with a 
[)rogi'^ssively incrcasing intensity of force, the action being 
continue<l as long as the series rcmains unbroken, or until the 
fluid l)econies siiturated with aulpliate of zinc, and further 
chemical action is prevented. 



fit ia necessary to Btate that the procwling GxjiIan&tiDn of (he 1 
of the voltaic battery diffprs fiYim tlie view takon of it by 1 
Ir. Faraday, M. de la Rive, anil other wi-itera on th»? subject. 
0. &e opinion of Dr. Faraday, addition to the number of platcH 
t a BcrieB occamons no jiddition to the qutimtUy of electricity ' 
Snerattil by the first jiair of plates, but merely atrves to give 
jiavaaed intensity t« that quantity. Thna the motrt powerful i 
r^cts produced by & voltaic battery eonaiating of 1,000 pairs of 
ttes, are assumed to be caused hj the same quaintily of eleo^ 
idly tliat is excited by a single pair only of the Beries : the 
called Mtion in the former case being attributed to an increase 
^istenaity without any addition to quantity. This view of the 
iiture of the action of the volt-aic battei'y is supported by 
'mm^ras ingeniously-contrived and apposite experiment*;* 
t though fiuly disposed to jiay tbe bigheat possible respect to i 
f great au authority aa Dr. Faraday, we tlunk he has fiuled i 
I eotablish the |xisitioa that increaeed intensity is not accom- 

A \yj addition to quantity. ' 

fHiBre are many arrangements of voltaic batteries for tli* 
. , eltroment of accumulated electric force in different modes, but 
By (uQ. depend on the same principle. The most compact is 
■oikahanks' modification of the voltaic pile. Zinc and copper 
ates of equal si^e are soldered tc^ther, and then cemented 
to a wooden trough. Each pur of plates is lixed less than 
df-au-incb friHn each other, care being taken that all the zinc 
<A copjjer surtaces are turned the eame way. Tlie compart- 
talts between the plates form water-tight ObUh, int<) which 
lotCtd acid, or other esciting liquid is poured, A piece of wire 
Hitroduced at each end to complete the circuit through any 
taiices to be subjected to tlie voltaic action. 




fig. 6U. 

A aeries of fifty of those small double plates may be cemented 
o a trough two feet and a-balf long ; and two such batteries, 
ih plates two inches square, will give a rapid succession of 
KA shocks, and will exhitiit many of the phenomena of voltaic 
ftfoicity. The disadvontAges of a batteiy of this kind a 
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Fig.5L 



that the exciting liquid cannot be emptied at the end of mA 
experiment without much trouble, and there is some difficnhy 
ill cleaning the plates when they become corroded. By emptying 

the cells as soon as posaiUe 
S>, 5 ~^\ *^^ washing them with 

" ■ - water, a batteiy of thk 

construction may, how- 
ever, be kept in order for 
a considerable time; and 
when voltaic electxidify 
of high intensity and small 
quantity is required, a 
Cruikshanks' batteiy, with 
plates about two inches 
square, is very convenient 
An arrangement con- 
trived by Dr. Babington 
affords ihe advantage of 
making the plates easilj 
accessible for the purpose of cleaning, and also of removing them 
fivm the liquid when the experiment is ended An earthenware 
trough is divided bv plates of the same material into water-tight 
C(v.uj)artments about two inches wide, so as to form a number of 
cells. Each pair of zinc and copper plates is connected by a 
strip of copper, instead of hiiA-ing their surfisices soldered directly 
agiiinst each other, and the zinc and the copper ai'e placed in 
separate cells. Tliis arrangement, indeed, very closely resembles 
that(d couronne de tasses of Volta; but it is more compact, and 
as all the copper and zinc plates are attached to a piece of wood, 
they can be readily lifted out of the exciting liquid when not in 
use. This is a great convenience when a continued series of 
experiments is conducted at short intervals. As the earthen- 
ware trough with fixed divisions is liable to be broken, and is 
rather difficult to manufacture, it has been found more con- 
venient to have the rectangular cells made sei)arately, and to 
enclose them in a wooden case. 

Dr. Babington's form of V)attery has been very extensively 
used for the electric tol(;gnii)li, though made of other materials 
than ^earthen wart;. Most of the batteries of the Electric Tele 
graph Com])any w<;r<i originally constructed in wooden troughs, 
with partitions of slate nia(l(j water-tight by means of marine 
glue. These, again, an; b(;ing Hupi)lanted by troughs made of 
gutta perclia, wliich an; much lighter, and the cells of which 
cfiii he more eff(H!tually pnivented from leaking. The plates 
of these Imtter'niH aru connected \)y »t»ii\>a oi <^^' ni\im3s\. ^jca 



ai ^hto arches, bo aa to admit of each plate of a, consected ^ 

at being inserted into separate cells. The zinc plates are I 

tH ftnuLlgamated, and are allowed to remain in the cells day 

id sight, the local action being in a great measure prevenU^ 

' fill^ each cell with fine aanJ, and by using aulphuric acid 

hited with about twelve parta of water. A voltain battery, 

1 sand and diluted aulphuric acid, will continue in good 

la, with occasional additions of acid, for two months before 

Einc plates require to be cleaned or re-amalgamated. The 

usumptioa of zinc on the numerous and extended linea of the 

' 2 Telegraph Company is very gi'eat, the cost of battery- 

Dver amounting to upwai'ds of three thousand pounds in a single 

Batteries in which graphite is substituted for plates of copper 
M^ been inti-oduced by Mr. C. V. Walker in working the J 

tel^raphs of the South-£astem Bailway Company, and 
Lth very good reeulte. One of these batteries of twelve pairs, 
whioh a record was taken, was kejit in daily action for ninety- 
weeks without having been washed or having the sand 



It ' 



ifith about 



, desaei-t s^joonful of 




!i auppbed 
i water twenty-one times 
[ the period it was in 
, and six times with 
lerely warm water. In one 
it did duty for 
Tenty-seven days without 

a touched,* 
, Dr. Wollaston contrived 
) iffrangement shown in 
_ 52 for obtaining the 
ceatesfc amount of power 
n a given surface of zinc. 
5 copper plates c c c are 
onbled, so as to expose & conducting surface to both sides of 
(666. The zinc and copper plates ai-e also 
rought as close together as possible witliout actual contact, by 
' ' 'i proximity the resistance of the fluid is diminished, and 
EFect is" consequently increased. The plates are secured to 
bar cf wood, and ate tept apart by pieces of cork. With a 
ntteiy of this kind, consisting of a few pairs of large plates, 
" odigious heating power is produced, though the intensity of 
e electricity is too feeble to communicato a shock. 
The battery invented by Professor Daniell, the action of which 
been previously noticed,* ia conatrnrtiei ' 
ha Omt E 
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prinoipla In the voltaic anangenieDifl hrfcni nwrticwinil, Ot 
liiic and eo^>«r plates immerMd in ih« nme oeH m IbUi tl 
liftve their actiooa impeded, and nhdnutelj nil iiytlm snitM^ 
hj the transfer of Eino to ibe eoppw Baifaoet t£o aaHam of Hm 
oondoctiiig plate is also graotly Fetarded hy the nriimiilatiT rf 
t^^ogeti gas; BO mii^ eo, indeed, tibat veij freqaentijr, A> 
the &Kt minute that the bfttt^rf faaa been, pot in aotioe, sot 
more th&n one-tenth of the original power ia obiainecL II 
"PtoieBaor Darnell's batteiy, the cino and oopper platea an k^ 
npnrt hjinninn nf pnTfinn riTthrmmTn nnlln. nrhy pifiHMurtiiiit 
inemlw&ae, which, though sufficient to pPSTent 1^ piinmo ii 
metallio partdclm, do not materiallj int^upt the ToHsie ao^OL 
Fig. 53 shows an arrangement cj a single oell of Uiis kind: a 
is a coj^o^r cylindrical Teasel, with a Ui^iBg aa-cnr b^ BoUand 
to one edge for tlie porpose of ^tilling 4 eoB- 
nectingwira Into tlusc(^percrfliBder»pa(m 
tube n, closed a* the boMmn, is- iKlk«aDeei; 
and into the tube is jdaeed a nd at atatif^ 
mated zine z, with a binding senrw «i Ae topi 
A Boliltion of muriate of sod* (oomnfba salt) » 
poured into the porous tuba, and the ooUr 
copper yessel is nearfy filled witli a satorataA 
solution of sulphate of oc^^mt to which a litd» 
Bu lrfiu rie acid has been added. 

Wben mettillic connection is made between 
4^e rod of sno and the copper cylinder, actn* 
excitement of voltaic electricity occnn. The 
oxygen of the saline solution combines with 
the zinc, and the liberated hydrogen passes 
'^ "■ through the porous cell to the copper. It doe* 

not^ however, esoqw in the form of gas, but it enten into com- 
bination with, the oxygen of the sulphate of ct^per, and the 
metal, being thus deprived of its oxygen, becomes "revived,"' 
and is deposited in a metallic form on the inner sur&ce of tb» 
cylinder. By the contiiiued absorption of hydrogen by the sul- 
phate, and the deposition of coppra', a bright conducting snr&ce 
IS maintained ; and this constant renewal of the conducting sup- 
&ce not only increases the intensity of the action, but maintains 
it with a steadiness that cannot be attained by any of the batteries 
previously described. 

The constancy of action peculiar to this 1 
obtained for it the name of tie "constant battery." 
tain its constutcy, the solution of sulphate of copper should, 
however, be pres^ved in a saturated state by the additunt oF 
ei7B6fli8o/themetallicBalt;s»iiwhsatin&'B««— 




(dTs lattery wiH continue in action for several days with- 
ich lUiniiiiitiou of the original force. A ledge p«;rfontt«il 
iol*8 is generally fixed inside the copper cyliiider for holil- 
yBtals of the suljihate, whieh gRulutilly disaolve aad keep 
ntjon in a saturated atate. 

Tolfaic arrangement contrived by Mr. Smee desoi-veB 
notice from its general ntility. _ _ 

incipal differences between it and 
try of Dr. Babington'a arrange- 
loniBst in tho material of the cud- 
g pUt^ and in the mode of placing; 
ia coniducting plate in made of 
foil platinized ; that is, a thin 
ig of platinum ia deposited on the 
by the elqptrotype process. The 
4y-divided particles of piatinum 
liof) cover and adhere to the ail- 
eeeut a greatly enlarged uur&ce 
liquid in which it is inunerseil, 
ch means a smaller sized plate 
« equally with a much latter one 
oth metAl Platinum also heirif^ 
I lesB readily oxidized than cop|>er, 
xt of the voltaic an^ugenient in 
saed by the greater dissimilarity ng-si. 

two metals. The platinized Bilvec foil in fixed in the centre 
)Oden frame s, and two zinc plates, z Z, well anialgitniat«d, 
Allied to the upper rim of the frame by a ItnUM clamp, 
has a. binding screw connected with it. By this nrrangb- 
bhe zinc [ilatcs can be very readily removed and cleaned. 
i respect a Smee's battery is more conveniimt than any 
its action also approaches a Daniell's battery in contAancy. 
are important advantages, which render thia funn of 
' battery the be«t that can be naed for general purjKMies. 
sahstitution of graphite for the platinized wlvt.T plat** 
«a to be a still furtiier iraprovranent. With graphite 
itxng plat«H there ia no occaoion fur thi? woodec frania A 
sine plate, with a binding screw Holdereii Ut it, occiiirie* 
ntnl place, instead of thi; platinized foil, and two Att 
of gr^hite may be clamped on each cirlc ', csre bring 
to inanlate the idnc froto tfa*? grajihite liy prmall vtrifat if 
\mA wood It will l« oVfFfTveil that in this >imj>nmiU'm ft 
fNmtas with the grag'brM', the [wmili'm «( th<: <ntcilittft 
ndniH-infC unrfact-w in \nnnt\<*«ij* 
\ lo the utbev TevcTwA ', 
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ylAtf of ODC being placed between two conducting Em&a 
itutrail of the conducting sur&ce being in the ceub«, with i 
ziuf )>1iite on each aide. The difficulty of procnrii^ [datet of 
graphite hiis prevented the general adoption of this Bulwtana 
in tVinning voltaic batteries. There is, likewise, an inconTenienee 
aiit^niting iis use, arising from the want of good connedaoD. 
The latttT objection may, however, be removed by electrotyping 
the eilge of the plates. 

When a battery of great power, and occupying compeiatiTelj 
snutll sjMcc, ia required, Mr. Grove's armngement is commonly 
employed. The intensity of its action depends on associatiQg 
two metals the most dissimilar In their chemical cb&racters, ajid 
exjHising one of them separately to the strongest exciting add. 
This can ouly be done by using a porous cell, which keeps to 
dui- fixim the destructive action of the powerful acids employed, 
»iid to whicl) ]>Iatinum is exposed in a separate compartment 
The iHinniii cell which contains the anc is filled with diluted bdI- 
]>titu-ie acid, in tlie pro]>oi-tion of one of acid to four of water; 
j»iid the other vessel, with the platinum foil, contains equal pro- 
)>ir(ioits of concentrated nitric and sulphuric acids. i 

The (U-eonipanying digram, fig. 55, represents a section of 
'ea of four paiia of zinc 
and platinum. The 
outer thick line, a b c 
Q, is an earthenware 
trough, wiiich is divided 
into four cells. The 
dotted lines represent 
four porous vessels, of 



ma. 




tain about double the 
quantity of liquid that 
is contained between 
the outer surfaces of 
tlie porous vessels and 
the earthenware cells. 
The dark central lines 
are the plates of amal- 
, auil the thinner lines that bend round under the 
0»o» the iMKution of the platinum foil, which is 

»v' «uo plate by small screws. 

M iiilpliuric acid is poured into the porous cells in 

> ■« iiitmdut.'ed, and outside the porous cells, in con- 
i^iinum, is the mixture of concentrated nitric and 

lis. ThiMB two Ehdds ahouli \ie mixel W^^Oukx^ Ssi, 




jn&t proportions, some time before the battery is Tisetl. During I 
le action of this battery tbere isa copious evolution of suffocating ' 
noes of nitrous gas, for the absorption of which the batteiy 
lould be provided with a cover, containing quick lime. 
With a hatteiy of this construction, cousiatiug of tifb^ pairs 
HIT inches long by two witle, and which doejj not occupy more 
Moe than eighteen inches square, the most powerfiil effects may 
B produced Metal wires are melted into globules, and disai- 
kted into oxides, and a daacling ilame upwarJa of an inch long 
I produced between charCDa,l points. 

Professor Bunsen has substituted carbon for platinum, in 
itrio acid batteries, with good effect. To overcome the dilKcvdty 
f shaping graphite into the reqiured form, he made a composi- 
on of coke and coal in fine powder, which were heated together 
1 iron noulda, and thus formed & solid mafia of carbon of the 
iqnired form. To give further solidity to the mass, it is j 
;ed into a. syrup of sugar, afterwards dried, and then siib- 
d to intense heat in covered vessels. The form which Pro- 
r Bunsen prefers for his carbon conducting surfaces is 
rlindrical, and the shape of his battery resembles that of 
BJUeU's, To make a good connection between the carbon and i 
a connecting wire, a ring of cop]jer is fixed round the top of ' 
B carbon cylinder to which the wire is soldered. The accom- 
Riyiitg diagram shows the several parts of one of the cells of 
Bunsen's battery, a being the carbon cylinder, with its copper 
g and attached wire, n the porous cell into which it is iutro- 
9ed, o the cylinder of amalgamated zinc that surrounds the 
irous cell, d is the estemaJ earthenware jar, and E represents 
e arrangement of the whole completed. 




Bunsen's liatt*ry is extensively used <m 

is represented to be, when in good tuAiorv, iw-mV^ 

ore's IB power, and superior to it in cc 



itinimt, tad ^H 
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howi«v(*r, two ])nictical objections to the oompoond eubon oon* 
iluotors that inattTially diininiHh the value of this uruigemeBt 
111 thti rn*Ht pbuMi, tlu) nitric acid ascends th;«>-a^ the pores of 
tilt* carlMni, and cornxh^ the copper ring: and sHondlj. the 
vui'tii('(t of the carlxin cylinders frequently cmmble avay, and 
tht> ciUHH'ction with the wire becomes imperfect. 

A wry ]K)weriul }nitUn'y, in which cast iron is the negative 
(tl(«iii(>nty lum lHM;n contrived by Dr. Callan, of Mayncoth. and 
wliich has receiv(;d tlie name of the Mamooth batterr. The 
cattt iron forms the outcir cylinder, inside of which there u a 
|Mti>tus c(41 containing tho zinc plate. The hatteiy is charged 
with a mixture of nitric and STilphuric acids in the outer 
cylinder, and the ]K)roiis cell is filled with a diluted eoludon of 
the same acids. Dr. Callan constructed a battery of this kind 
of pnMli<(ious }k>w(t. It consisted of 600 cast iron cells, each of 
sutKcicnt size to hold a ])orous cell containing a zinc plate four 
inches wide. With this i)oweri'ul ap})aratus an arc of light fire 
inches long was formed Ixjtwtjen a coj)j)er wire and a brass ling^ 
Tlie intensity of the heat, when charcoal points were used, 
bume<l the charcoal ra]>idly away, and a file was deflagrated bj 
the flame, even when the circuit was partially interrupted. 
Dr. Callan estinisiti's tlu^ ])ower of a cast iron battery of his 
o '!:>Tnietion to 1h^ alnnit fifteen times gi'eater than that of a 
Wi'y.a>:<«n's battery <>f the same size, and to be one-half more 
•.. vi.r.'v.i Than a Car()V«»'s nitric acid battery. Dr. Callan has 
-■■ .V - r ".x\<<h1 to imj>i*ove the action of liLs battery by making 
-' "tsV o^ .iv.dors of sheet tin, coattul with an alloy comiKJsed 
•f > -. <.; .i :in in nearly equal pi*ojM)i*tions. UiJon tin plates 
X ... ..\ .v.'v.ted .sulphuric acid has scarcely any action. 

^-< Vt.tt-in- contrived by Mr. (irove must be i*egarded 
^ ..X * •, ■.,\^:vtioal curiosity than as a pi'actical means of 

elivtricity. In this battery the only metal 

■ ■ ■,v,v.i.'^*Hl ])latinum, thin strips of which are 

•/:vs |\:irtially filled alternately with diflerent 

I . A.-iiiulat^Hl liquid. In the original arrange- 

» . ' \.m^m gases wei-e used alternately, and 

... X- «■** diluted sul]>huric acid. With a series 

... ,^v Alvut a quai-ter of an inch wide, one 

.. ...» v,;W\ a shock was given that could be 

x hold of luinds, a brilliant 8i>ark 

X- v.ts. water wtus decomposed, and a 

vv t':VvVted. Ex])eriments wei*e made 

. . •; ji^\si's, which w^ere found to j)ro- 

\ u*. '.V tubes were charged with 
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f^a, were emplojned; but with hydrogen and jchlorine, tv 
iriue and tarbonic oxide, tJie elfecta -wure very'good. Mr. 
VB foimd that there was no actinii when the pUtiniini waa 
^ther immeraid in the liqiiid, with the gaaes above them; but 
as BOon as the ejtda of the roetul platoa were exposed aboTe 
liqoid, elecla-icity was excited The accumpaigjiiig woodoot 




the gas 



lere are varioua other airangemeiitH of voltaic hatterioa.'but 
ave described ail those that are conatmcted on distinctive 
aples. The object in every case ia to obtain from a given 
iti^ of the exciting metal the greatest pussible amount of 
mt electricity, without allowing the power to be wasted in 
■ ways. The conauniption of a given weight of idnc cannot, 
ly poBsible combination, excite more electricity than will 
mpose a quantity of water equivalent to that which is 
mposed by the chemical affinity of the metal for oxygen. 
i, supposing two grains of water to be decomposed in the 
ratdng cell, and eight gi-ains of zinc to be oxidized, the 
ficity generated during the process cannot be more than 
ient to decompose another two grains of water. The power 
ned, even by the best arrangements hitherto contrived, 
m amounts to so muck By increasing the chemical action 
B liquid on the generating plates, the energy of the battery 
Jreaoed, but most fi^uently not in proportion to the con- 
ition of zinc. By bringing the plates in the generating cella 
ir together, the energy of the battery is also increased, by 
wishing the intervening fluid reaistwice; but this maybe 
,ded with waste of power if the plates be brought too close, 
onomy of construction is an important considemtion when 
iments are conducted on a large scale, and this must in 
Fereni the adoption of platinum. ^ 
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cdla for the poipoBe of pgeve a t i iig the de p on t iion of me on ft> 
oonduotmg-plate is yery advantageouSy but the hi^ priioe tX 
which thej are. sold in this countiy limits their nae^ for afkr a 
time the pores become clogged and the Tessels require to be 
teplaced. This cannot be done in London at a cost of less ihaa 
ninepenoe for each, though smalL Sevecal oontriiwioes have 
been adopted to serve the purpose of porous earthenware, sueh 
as brown-paper bags, bladder, and sail-doth, but eadi has its 
inconvenience, and there is still wanting some cheap snbstitate 
for the earthenware vessels that are now sold at such eztrava-. 
gant prices. 
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PHENOMENA OF VOLTAIC ELECTRICITY. 

ienmi eonditiDni of FHctionBl mad VultRic etectricitj—Tbi tiro poles of tlu 
baH«7— Haw to diBlin^isb them— U}'atiflciition aasei bj ninr tenns^VoUoic 
action hnmcdipte and continnona — Its npid traninniwiiaii BXEmplifiod — Ri»irtaai« 
of wiies to tlie eluctric current — Eitraordinaij phjuiolopiaJ effettB — W»tM- 



muj phjuiolopiaJ effettB — W»tM- 
u,^',. >.,.i™-_>.ittBiy_UauBj of the 



E power developed by a numerous seriea of voltaic elements, 
sngh in many respects resembling that of an electrical battery 
Leyden jars, is in several parttculatB dissimilar to it. 
The difference in the phenomena may be attributed chiefly, if 
b entirely, to the different degrees of intensity in which tlie 
o kinds of electricity are excited. When the intensity of the 
a battery is increased by the multiplication of tlie power 
y times, the electricity has not sufficient energy to pas through 
) gmallest space of resisting air in the form of a spark, nor can 
sert an attractive force on light non-conducting bodies. 
1 when the electricity excited by a hundred pairs of large 
itee has sufficient power to melt metala and to give a strong 
"o shook, the presence of electricity is not appreciable by a 
h-bail electrometer. But when the elements are increased to 
)f two or three thousand, as in Mr. Crosse's extra- 
y wat*r-battery, the intensity of voltaic electricity becomes 
fiir augmented, that a spark will pass between the connijcting 
I before contact, and the electrometer is very seniibly 



The experiments of Mr. Crosse have, indeed, supplied all that 
a wanted to show the complete identity of the two forces, and 
prove that the difference in their modes of action depends 
the different degrees of intensity in which they are 



Tha electricity developed at the opposite ends of a voltaic 
aj:^)ear8 to bear the same relation to each end of the 
as the electricity of the inside of a charged Leyden jar 
to the outside. One end therefore is considered to he 
ktive, and the other to be positive. 

fi'om the terminatiiig anc anA. coyI"^^ ■^a-^fta ^ 
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famished iviili pibitixiiiiii poinii^ and mMrted inlo s dwii fllii 
-with water, dimtly addiuKted to inereaae ita oondnefa^ f^ 
the -water will be deoompoeed, and reaolTed mfto ita two Jmm 
taiy gases, babbles of hydrogea gas rising firaon one wm, ml 
babbles of oi^gea gas from the oHier. It will be fbandi m 
ooUectiiig the babbles of gaa in senante leoeirer^ thai As 
oxygen of the water is liberated from tiie wire oonneoted with fle 
copper end of the battexy, and the hydrogen from the wire om- 
nected with the ana 

In all cases of electro-chemical deoomposLtion, it is abo fimnd 
that the element wMch collects at the wire ocmneetod with <te 
copper coxresponds with that which coUecta at tho poaitive win 
of the ekctricBl machine ; hence itis inftrredthat toe eieefaia^ 
evolved from the wire connected with the ocfpom end of a tqUiib 
battery is identical with positive friddonal electricity, and tint 
the electric oun^ent proceeding from the zine is negative. His 
copper and zinc ends of a vcdtaic battery ai% therefeve^ oenunool^ 
called positive and negative '^ poles ;" the woid|wl0 liaviag ben 
^ven to the o{^K)6ite ends, in ccmseqaence of the polar anange* 
mifflit which, in some instances, is induced by voltaio aotion. 

It is difficult to avoid confbaion in speaking of the opp oe it i 
poles of a voltaic battery. This difficulty arisea partly from the 
appai^nt generation of tiiie electric force by the oonducting-phite^ 
which is comparatively inactive — ^it is partly to be attributed to 
the different arrangements of the zinc and copper {dates in 
different batteries-:-and it is increased by the various names 
that have been arbitrarily given to the terminal wires. 

When the electricity of a single pair of rinc and copper plates 
is considered, it will be observed that though the electricity is 
excited by the zinc, the electric cvirrent proceeds to tbe copper, 
and thence is retttmed by the conducting wire to the rina Tlieve- 
fore when the ends of two wires, one from the zinc and one from 
the copper plate, are inserted into a conducting fluid, the positive 
electricity will enter from the wire connected with the inactive 
or negative plate, and at that point the effects of positive elec- 
tricity will be produced ; whilst negative effects will be developed 
at the wire connected with the generating plata 

The contradiction apparently involved in this statement will 
disappear, when it is considered that the effects of the electricity, 
excited by the zinc is manifested only in its passage through the 
wires that communicate with the two plates. The course of the 
electric current must consequently be from the wire connected 
with the copper to that connected with the zinc, for that wire 
serves to conduct it back again to the generodng plata Though 
iibe eleciaicity appears to proceed from, tke oo^i^^ ^Sck^^ tos^ 



I asaumed always to proceed fraiu the cop|>er to the tatux Tha 
»iie elTect takes place when several ziiic aud cupp^ pliileg are 
ombined. The wire leading from the copper end of the b»tt(iry 
rill be positive, because it is conducting the aovuiaulated eleo 
riaty on its return to the zinc ead ; and tlie other wire will ba 
tegative, because it is receiving the flow of electricity whioh ii 
uppoBed to pass from the zinc plate to the cojiper plato, uul 
hen to be returned through the communicating wires. 

In.' using a voltaaii piJ^ or a GntikuhamJe^ baltery, mistakes ar» 
ikely to arise in consequence of the last zinc and Uie last ooppor 
ilates not being active, but mei^ely serving as metallic con- 
luctorg. In a Gruiksbanlcs' battery, lor instance, a small coll ig 
leneiallj left at each end 'without any corresjmniling plata 
}^pDsite the Inst ano and tiio lost copper; tlmn, when a con- 
's introduced at the end where the rinc is the last 
f tie series, it is the same in effect as if the conducting wire 
a connected to the copper, for the last zinc plate is soldered 
the copper only for unil'onnity, and is altogether inojierativa, 
t would, indeed, be better if the terminal plates were cemented 
o the end of the trough with a binding screw attached to bold 
!, and then no confusion from that source would uriMt, 
ae observation applies to the voltaic pile, tin; end plates 
f which should, to avoid mistake, constat of a single ^nc diM 
a single copper disc. 
We have before expressed regret at the introduction into 
trio science of new terms, derived from the vocabuLury of ft 
1 language, which serve to mystify, to [lerjilex, and to mi»- 
. The difficulty attending the clear comltrvhension of th* 
ight character of the two ends uf tbe voltaic Ijattcry ha)i been 
y this means increased. To call tlie extreme copper and nat 
lates in a continued aeries, and the wires connected with them, 
B eadg of the battery, expresses clearly and rimply the fact, 
ntbout giving sanctifm to any doubttnl theory. But the word 
waa not d««med mifficieTitly dignili^ " TpmiinaU " 
i better, Imt the word not hriiig i< generally an<let*tood 
■ no improveinent. An tbe action uf a voltaic LaltMy pro- 
nane cams a polar ananginneut, the naiue " yAt* " wu 
I, and the " at^tire. pole " and " [xMilire yrAe " oi » 
■Mny have beonDK ftiiFiilf»r tenoa. Thn imiitieil I'Jsnxatioa 
> Iiowever objcetrd Ui, and thie wrini " dectmde " Ita* bocD 
lOOttal frrm tbtr iifrk d*itro», amher, aod odaa, a way or 
U, Vgnifyiog (h« Aiiir iat/> aud out at which tbe cicelnG 
natpMBSi. Aa, b>'/w«v«r, it i* qatariamd by lfaCT«tw| Wnwmtt , 
I the bxm, w^edwx li«« '» mti ^— * — 
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.i;«i whether there is any current what- 

ciiL-itM "M «ioubt the appropriateness of the 

• .!• -luiiitic-irion he admitted, we should much 

I. V III Kiiixlish word. 

..> 1 « •.^iiivr ** and *' negative " were objected to, 

. i« .;i> - i ♦K.'ctricitv, of the correctness of which 

.. i^. With a view to impix)ve the nomcn- 

iiniv objectionable terms "anode" and 

' « II :iitit»diioed, signifying an upward and a 

.1 "MUin'h.'d on a fancied resemblance between 

cciic *urfeuts round the earth, and the rising 

'.HI. riie ** anode" is the electrode at which 

It; •• (.•.ithodo " the electrode at which the 

t iuiii|M)siug fluid : the foraier l>eing in fact 

alter the nomitive end of the l»att«'\'. 

* 

.«. .iccion of a voltaic Imttcry that the opiw- 

• iiiuctt'd by a conductor of electricity ; for 

»..».: .'Miiipleted through which the electricity 

. :iii |.»a!>s to the other there is no voltaic 

.-.iv -nuch is sufficient to send an electric 

i- .iu'ii the circuit, however long the i^ire 

..^t .ts instantaneously ceases when the con- 

riio rapidity with which the electric 

.v.i. i:'«.i bi\>ken, has no ascertained limit: 

s • i: ••' ".'vd by traversing miles of wire. 

.- '•••-v> *.'l*>se together be dmwn with 

■ ..■■.":: Mi)»stance on a smooth metallic 

. v-«!iiu'Otion with one of the jndes of 

. ■: • '.y over them, the electric eunvnt 

■ v'!\al between the lines, and will 

■ Hues of varnish inteiwene. To 

• iw a number of straight strokes 

with a pen dipi)ed in 

~^ varnish on a ])iece of tin 

foil A, lig. 58, and C(m- 

neet the foil A^th the 

co])per end of a small 

voltaic battens (^n to 

another strip of tin ft)il 

D, connected with the 

zinc end of the l)attery 

by the wire z, lay a i)iecc 

of ])a])er B, that has l)een 

..itic acid and innissiate of 

.w\v ewOl \\\«c^ ^ivi ^i^^NTft. -ai^ 
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e time OTer the moiatened paper &tid the lines of TttnuRli. 1 
ty this airaiigeiueut the electric ciroiiit will be completed when- 
ver the ends of thn Iwnt wire press on tlie foil and ou the paper, 
ind it will Ije bfoken as the point passes oyer the varnish. How- 
Jf rapidly the wire is drawn across the vamiah lines by the 
id, the making and breaking of contact will be indicated on the 
e^jer by a line of blue dots. If the wire be drawn along very 
oioklj the marks will be more faint, but the presence of electric 
rtdon and the discontinuance of its action may be perceived, 
pen when the connection is made and broken one hundred times 
t a second. 

Hiough the intensity of voltaic electricity is beyond all cat- 
ilation less than that of electricity excited by friction, it 
BTertheless passes along a conducting wire as quickly as the 
iachaige of a Leyden jar. The electric telegraph affords a 
aaderiiil illnstration of the rapid transmisBion of voltaic eleo- 
idty, the signal made at one end being instantaneously repeated 
; a. distance of three or four hundred miles. The eflect of the 
ud transmission of electricity was perhaps still more strikingly 
ywa in an experiment the author witnessed in the presence of 
J Court of Directors of the East India Company at Wariey 
mmon. A current of voltaic electricity was sent through ten 
lousand yards of copper wire, and a fuse at one end of the 
s ignited without any perceptible interval of time, as 
a as connection was made between the wires ; the fuse haying 
1 introduced near the end of the circuit that the cause and 
t might be seen to be instantaneous. In passing through a 
h of 2,000 miles, however, a perceptible interval is observed 
a making connection at one end and the i-esulting effect 
• the cither, 

s a peonliar property of voltaic electricity, depending on 
a low degree of intensity, that it will traverse a circuit of 2,000 
iles rather than make a short circuit by passing through an 
iterval of resisting air, not exceeding the hundredth part of an 
leh. Frictional and atmospheric electricity, on the contrary, 
ill force a passage across a considerable interval, in preference 
> taking a long circuit through wire ; or at least the greater 
1 of it will paas through the air, though some part of the 
arge will in all such coses traverse the wire. 
When quantity is combined with intensity, the resistance 
1 by a thin wire octaisions its fusion. Instances of this 
imetimes occur during thunder-storms, by the destruction of 
e galvanometer-coils of the electric telegraph by lightning. , 
) protect the instmments from such accideota, eAN^fAe^^ia^ I 
" " ' loft^ <i^gant modea of Mi>.dMdaon\f^ ■« " 
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fdcttozial deotidldly. The ooil is proteefeS bjr a Tightmy 
eondnctor oonaLsting of a thick pieoe of hnm in wldelt A«re ii 
a minute intermptioiiy quite 8i:&Gtent to prevent iJie rM» 
eoirent from being diverted from the long dronii into the dmi 
one, but through which the lightning, forces a pano igB in pro* 
f erence to encountering the reeistance of the ooiL 

These ooils are formed of copper "wire, neariy aft thin as a hur, 
which is covered with fine silk. The wire^ protaetod merefy hf 
this thin insulating covering, is wound on the bobbin, one 1M 
over another, to ti^e length of 300 yards^ and yet the rottm 
current passes through the whole extent of that fine wixe nthor 
than penetrate through the s^ that separates ana fold of iriie 
from the othen 

The intimate relation subsisting between voltBic- adion uuk 
the nervous influence has not latterly excited so muck attentkn 
as in the early days of the discovery of voltaic electricity. Ths 
extraordinary oontortions of the limbs on connecting the nerrei 
and muscles of recently killed aTriina.hi witk the poles <^ s 
voltaic battery, gave rise to the impresaum that by the aoenoy 
of galvanism ^e vital functions might becanied on aAer deatk- 
Tlus opinion has been to some extent realiaad by azperiment 
Dr. Philip succeeded in Tnaintaining the respiratbn, the palsatioa 
of the he«rt, and the circulation of the. blood, in rabbits firom 
which the spinal marrow and brain had been removed ; and htf 
inferred from these expenments " the identity of galvanic eleo^ 
tricity and nervous influence." 

Some remarkable experiments on the body of a recently" 
executed murderer are recorded by Dr. Ure, who superintended 
the arrangements. The experiments were conducted in the 
theatre of anatomy at Glasgow. The body was that of a middle^ 
si2ed, athletic, and extremely muscular man. He was taken 
into the theatre about ten minutes after he had been cut down, 
his face having at the time a perfectly natural aspect, and the 
neck not dislocated. The voltaic battery put in requisition coip 
sisted of 270 pairs of plates four inches square. On placing one 
wire of the battery on the exposed spinal marrow on the neck, 
and the other on the sciatic near the left hip, '' Every muscle c£ 
the body was immediately agitated with convulsive movements, 
resembling a violent shuddering from cold. The left side was 
most violently convxdsed at each renewal of the electric contact 
On moving the second wire from the hip to the heel, the knee 
Ijeing previously bent, the leg was thrown out with such violeniM» 
as nearly to overturn one of tiiie assistants, who in vain attempte 
to prevent its extension." 
, In another experiment, directed wil^ ^ba n^stw cS. x^sne^ 
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irtM^sratorf process, " Full, nay, laborious breething iostttStlT- 
Bmenced. Tbe chest heAved and fell ; the belly protrudod 
I aguia collapsed with the relaxed and retiring diaphragm." 
& of the coimt'cting wires having then been applied to the 
ttehead, ^e other to the heel, " Every niu»cle in his counte- 
mca was simtdtaueoosly thrown int« fearful action ; rage, 
iror, despair, anguish, and ghastly smiles united their hideous 
jxtB^oas in the murderer's face. At this period several of 
e apeo^toTS were forced to leave the apartment irata terror or 
tidmesa, and one gentleiuan tainted" Dr. Ure was of opinion 
^ t if the pulmonary oi^ans had been excited before the spinal 
FTOW hail been wounded, the man might have been restored 
bUts. 

To pi'odnce physiological effects with the voltaic battery, 
iteneity rather than quantity is reqiiire<L To communicate an 
ec^iic ahock directly from th« battery requires a series of 
y pwrs of plates, and the ahock is then only feeble. Even 
Lndred pairs the intensity is scarcely Buffi- 
! reaigtince of the out«r skin, without 
g the hands into acidulated water or an alkaline solution. 
rb oi the shock ia increased when the sur&ce of contaat 
> Kibi^ed by attaching small copper cylinders to the wires. 
f that means the imperfect coiiductioo of voltaic electricity 
roa^ the skin is compensated by the larger surface exposed 
its action ; it being one of the properties of conductii^ bodies 
tt a bad conductor of voltaic electricity oflers no more resat- 
oe to an electric current than a good conductor, provided the 
» of Hie former be greater in proportion to its degree of im- 
rfbet oondnction. 
I To increase the physiological effects of voltaic electricity, it ia 
r to increase the intensity, by adding to the number of 
htea in the series. Even when the size of the plates is veiy 
lall, a strong ahock and other effects of frictional electricity 
a he produced, of which there are no indications from a small 
lies of laige plates. A battery consisting of a series of 3,100 
i(By small soifeces, was constructed by Professor Danieil, in 
h the exciting fluid was water, without the addition of any 
The conducting surfaces of this hatteiy were formed of 
8 of copper tube, about one inch long and three-eighths of 
ich in diameter, the generating sur&ces being pieces of linc 
i soldered to the copper tulies, and bent so as to enter into 
entre of each proximate copper tube without touching it 
I separate c«])8 filled with pure water, into which each 
' ' 3 eleaient was immersed, coui^Afetei'Ciia ■ftsrcasv'j,^^ 
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current of electricity closely approaching in intensity to ihatrf 
a Leyden jar. It gave shocks, emitted sparks, affected aizon^ 
a gold leaf electrometer, and attracted light substances. 

The direct effect of this batteiy upon metal leaf and fine wiie^ 
was inappreciable. The electricity it excited was found dos^ 
to resemble that of an electrical machine, and could in like 
manner be accumulated and made to exhibit the effects of quanr 
tative electricity. An ordinary electrical batteiy of Leyden jan 
coTild be charged by applying the wires connected with tiw 
opposite poles of the battery to the outside and inside oo«tiiig|i 
of the jars. By this means an electrical charge was com- 
municated to a coated sur&ce of several square feet almort 
instantaneously. A succession of discharges was obtained to the 
same extent, but more rapidly, as when the electrical batteiy 
was charged by a powerful machine. 

Though the full charge which this water-battery was capaUe 
of communicating was imparted very quickly, there was an 
appreciable interval between each discharge of the Leyden jan 
sufficient to indicate that the voltaic action, though apparently 
immediate, consists of a succession of efforts rapidly follo^nng 
each other. This is particularly the case when the current has 
to pass through an imperfect conductor, like the hmnan body ; 
the force seeming to require to be accumulated till it attains 
sufficient energy to overcome the resistance. When metals form 
the circuit, the electricity passes as quickly as it is generated, 
and there is in that case little occasion to increase the intensity 
by adding to the series of plates. 

A water-battery was constructed by Mr. Crosse with much 
larger surfaces than those of Professor Daniell, and with the 
cells more carefully insulated. A particrdar account of it is 
given by Dr. Noad, who was present during many of the experi- 
ments.* It consisted of 2,500 pairs of copper and zinc cylin- 
ders, most of which were enclosed in glass jars. They were all 
well insulated on glass stands, and were ranged on three long 
tables, well protected from dust and from the light — a situation 
which experience had shown Mr. Crosse to be most favourable 
to this peculiar form of the voltaic battery. Thirty pairs afforded 
a slight spark sufficient to pierce the cuticle of the lip, the hand 
making the communication being wetted ; 130 pairs opened the 
gi.>ld Iciivoa of the electrometer about half an inch ; 250 pairs 
causotl the gold leaves to strike the sides of the glass ; 400 pairs 
ga\ o a very j>erceptible stream of electricity to the dry hand ; 
500 pairs occasioned tliat part of the dry skin brought in contact 

* Lectures <m Electriciti). 



S ^B^k^ Cftnteiued; 1,300 purs piVB a. conBtaBt smsll ' 
m of ploctricity lietween two wires placed ,J-,th of an inoli 
i, Biich wires not having been previously brought into cou- 
Thia stream, wlien receivyj by the dry bauds, waa ex- 
jigly sharp and paiufid. A pith ball, a quarter of an inch iu 
iBter, eiispeuiied by a silk tliread, vibrat«d constantly botween 
B opiwaits poles. With l.fiOO pHJrs, the stream of electricity 
"irecn tlie two wires not previously brought into contact was 
y distinct. It might be kept up tor many minutes, nor did 
r inclined to txaee. The light between charcoal points, 
a witii the whole series, waa feeble ; there was no flame, uor 
■ approach to it. When the opposite poles of 2,400 pairs 
■a connected with the innej anil outer coatings of an electrical 
fceiy containing seventy-tbree feet of surface, a continual 
i^ was kept up ; each discharge being attended with a loud 
port heard at a considerable disttuice. Each of these discharges 
'd pierce stout letter-paper, and fuse a considerable length of 
t leaf) which it defl^rated brilliantly, attended with loud 
i of light more than a quarter of an inch in length. 
) was fiised at the extremity, and the poiut of a 
toon demolished. Light substances were attracted 
A diataooe of some inches, and re]>elled again. 
IHie iatensity effects of a water-battery may be considered to 
> in a great degree, dependent on the bad conducting power 
ithat fluid. The small quantity of electricity generated by 
c plate is transmitted from plate to plate to the end of 
8, and it is prevented from returning through the liquid 
; the cells by non-conducting resistance. Thus, though a much 
»■ qnantiiy of electricity is generated, it is iuci-eased by each 
goeasive plate in a greater proportionate degree than when a 
ttsr exciting, and at tlie same time a better conducting, fluid 
employed. The greater degree of intensity accumulated in a 
onerous series of elements renders the insulation of the cells 
ace necessary, which is a point but little attended to in voltaic 
jiteriea of few combinations, and excited by diluted acids. 
Ok peculiar aeriibrm body called osone is developed during the 
nitament of electricity by a water-battery. It ia most per- 
ptSble, however, during the working of an electrical machine, 
i smell resembling that of the Sow combustion of phos- 
ThiH smell had been continually noticed, but it was 
d for Professor Schoenbein of Basle to discover its nature 
i Jiroperties. The same smell is also observable, though in a 
T degree, during the decomposition of water by voltaiu eleo- 
xiiy, and it is evolved by numerous otiier ci 
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to remain for some time in a moist bottle, the bottle k fi 
to contain a large quantity of ozone. 

This gas has been ascertained to be what is termed by chei 
an allotropic form of oxygen. It is a powerfully oxidLong ag 
80 much so, indeed, that a piece of silver leaf, when expos* 
it, is quickly converted into an oxide, and crumbles into dust 
exists in the air, especially in air blowing fix)m the sea, ai 
supposed to exert great iiiuence in the chemical actions o: 
atmosphere. 
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iwsr of large plates — The worst condncting 
f reeistnncti in incndBiiig the hea^Dg eflect* 
if metals — The roltsic kk ; the intenntj of 



fx have had occaaioD to speak incidentally of the heating 
^irer of voltaic electricity, and of the light emitted on making 
Nitaot between the wires of the opposite polea of a voltaic 
We propose to devote tJie present chapter to a, more 
IFticmlar notice of those remarkable phenomena. 
he light produced on the sudden disruption of two wires 
serve to form a Toltaio circuit is not a pure electric spark, 
it ifl due in a great measure, if not entirely, to the con£a- 
um of the metal. The influence of the metal in the produc- 
of the light is evident ii-om the different eoloura with which 
tinged, according to the kind of metala between which the 
jption takes place. The spark does not appear excepting at 
instant of contact, or when the wirea are separated, the 
of voltaic electricity not being sufficient to overcome 
resistance of the smallest tiltn of air until the number of 
ktee in a series esceeds two or three hundred. The heat, 
trever, that ia evolved during the transmission of a voltaic 
rrent is manifested strongly by a single pair of plates. 
The discovery that voltaic electricity possesses the property of 
galoping heat, very quickly followed the discovery of the 
Itaic pile, and the improved arrangement of it in the covxonne 
tosses. It was almost immediatdy observed that the passage 
Ml electric current through the commnnioating wires when 
ry th'n, heated and even melted them. It was soon after 
xds discovered that voltaic combinations of large plates, 
bough they had no greater tension than the same number of 
ttller platea, developed much more heat Sir Humphrey Davy 
Old timi with a voltaic battery formed of lai^o platea, wator 
lid be quickly made to boil, by plnnging into \t a ' 
wiuci apowerfiil voltaic current was laetag ta 



164 PHENOMENA OF ELECTEICITY. 

Ho h:id, iiulocd, pi-e^-ioiisly succeeded in melting steel wire, and 
iu Ininiiiisj leaves of gold, silver, tin, zinc, and copper, when 
U-aiou thill. 

Tlu» tiirthor pix>giies3 of discovery in the heating property of 
voltaio elect i-iciU' sensed to prove more conclusively that elec- 
trioiil action is only exhibited when i-esistance is offered to the 
j»!"«^^n»ss ui fleet ricity ; for it was invariably foimd that the light 
and heat evolved in metallic conductors were the most intense 
when the n*M stance wiu* the greatest. 

^Ir. (.'hihlivn was the first who directed attention to the 
ixnvert'ul heating etlects of large siu-fiices of copper and zmc 
iN^uibiuiHl, in a few series. He made use of a batteiy of twenty 
|»!iii*s (»f oo]>]H'r and zinc, each plate ha^•ing a sui-faoe of sixty- 
two s-.juai\' feet, chai-jjTiHl -with acididated water. With tlus 
Kitteiy he i>bt<iiniMl immense heating power, and melted a 
platinum wii'e tliii'ty- three inches long and one-fifth of an inch 
in diameter. 

For the jjuqwse of ascertaining by the agency of this batteiy 
the ditfei-eut effects jnxKluced on diflerent metals of the same 
length and tliickness, he employetl vjuious wires to connect tiie 
oj»p<>site jKiles (^f the liatteiy. When a platinum and a silver 
wii*e wcii-e tlnis arranged, the ])latinum, the worst conductor, 
U'cjuiie red lif)t, whilst the silver remained cooL Another 
curious <iX(*iiipliiicati<)n of the proj)erty that the effect is 
luereased with tlie resistance, was sliown by sending the cur- 
lyut tlirou«;h a chain made of alternate* links of silver imd pla- 
imuui wire, when the ])latinum wires bcKsmie ix^d hot and the 
^.t'lmeetiuij silver links remained cool. 

The i'li'eet of resisttmce in iiicre-iising the ap|>arent heatiug 
ethyt uiay, indeed, Ik? distinctly sliown with two jwirs of au 
i»i\liuaiy Sniee's UitteiT. Introduce into the ciivuit of thick 
oi^piyr wnv a small length of very line steel 'wirt*, and on 
uuikiuij eoutaet, the stiH.4 \\-ii'e will become red hot whilst the 
A»H|vr wiivs give no indication of heat. 

Liquids as well as solids ai^e heated by the transmission of 
a \v»ltaie eunvnt, and in the case of liquid as of m(?tallic cou- 
vuivtv»rs, the Wi>i-st conductor l)ecomes the most heat^nl, pi-o- 
WvU'vl i\w tH»nduetii>n l»e not so im]»eii*ect as to jnwent the 
ivisv^e ot" the eun-ent. The follo\Wng armngement (fig. 51)) 
will MM'\e to show this effect veiy satisfactorily. In three 
w lue glasses, t«, b, c, immu* equal (piantities of water, of salt 
.iUxl wacer, and oi a solution of sulphate of co])ix»r. Connect 
\hx\i\ tx»<eiher with bundles of cotton thread moistened with 
v»',i ;iuvl water, au\l iutixuluce into a and b the wii*es connected 
i» Jt.'j i7ii' »»/»/K»KNico |K>los of a volta.ic Wttery. TW xviWacia ^svuct^sit 




IB^IJhis be estadlislioii 'tbrrmgh the three glaasefl of liqnid, teirfl 

W a short time the water m a will become 

anner thiin in b, and the lal- 

IT will lie variuer tliaa the 

nlphate of copper solution in 

i; the degree of heat c<jni- 

Baaicst«tl corresiwnding with 

" * relative condurtingpowers 

if the tiavft liquids. 
" a column of wat^ tra- ""■ ^ 

I ]yy an electric current, the elevation of temperature 

B greater at the positive pole than tit the negative, but it I 
greatest in the middle. It has also been ohnerved that | 
I development of heat in the interior of a, liquid i 

daoed between the two poles of a voltaic battery may boi 
Considerably augmented, by dividing it into eeveral compart- I 
ItutOlts by {Ktrovts diaphragms of bladder or gold-beatera' akin. T 
!For example, if the same voltaic current is made to pass throurfi I 
^Bqtud contained in a glass tube of a given diametei' and leiig^ ; I 
Mod ailso through a similar tube of the liquid into whidi a I 
skAis of cotton him been introduced, the latter will be found of I 
^iaghex temperature than the former. This effect is attributable J 
%0 &e celk of cotton wherein the liqtud is lodged, forming B 
Jtaiij small compartments, separated irom each other 1:^ di^ I 
|i}ii^ma, which incnase the resistance to the passage of &e I 
dectricity. For the same reason, the atnJi of a iieshy plant. I 
Htlicfcly becomes heated when a voltaic current is sent through 1 

t, because the conduction of the electricity through the liquid 1 
' I with rei^stonce irom the minute cells that enclose the J 

ns^ble juice." 
The property which voltaic electricity posaesHes of heating tha J 

~ '' ' ncea that conduct it has been applied to measure the I 
B quantity of electricity transmitted. The first voltametccl 

xmstracted on that principle was invented by M. Gaspard De la I 

(tire. It consists of a fine platinum wire stretched vertit 

pamlld to an ebony support, to inmdate the wire from the a 

Mrte of the instrument, ao that the current may not he diver 

Dto any other direction. The wire at its lower end is attached | 
to m indeic, the point of which is direct«d to a graduated sc 

^ fig. 60). When the upper and lower parts of the oust 
" IMil are connected with the poles of a voltaic batt^y, ■ 

tfttinum. through which the current paascs becomes e 

Y the developeil beat, and by a.cting c 
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FHEairoiDarA or 



He had, indeed, previotusly saooeeded iuiMiiidicBted on titeads 

in burning leaves of gold, silYet, tin. 

beaten tlim. !^ji:Mire than the haaOf 

The further progress of .discoveiy iii_L lanrmoacnpe. Wimd 
voltaic electricity served to prove lauic,^ che upper bulb^ nd 
trical action is only exhibited when j i. ■>; uuis being attached Id 
progress of electricity; for it was iuvtu . L-unnection. When a 
and heat evolved in metaUio condiu i!.»r ^iras in the bulb, the or 
when the resistance was the greateMu . A zo it fix)m the wire, nd 

Mr. Children was the fii'st \vh*» vv^ bolb forces it up tiie 
powerful heating effects of lai-tfo 
combined, in a few series. Hu um* 
paii's of copper and zinc, each jil. 
two squai-e feet, charged witli a 
battery he obtained immense h 
platinum wire thirty-three iiiiVt*- 
in diameter. 

For the purpose of aaoertaiii i 
the different effects produced 
length and thickness, he emp! 
opposite poles of the batten 
wire were thus arranged, +' 
bectime red hot, whilst 11 
cuiious exemplification • = 
increased with the i-esisj. 
rent through a chain iiii'. 
til mm wiixj, when the ] 
connecting silver links r 

The effect of resistai- 
effect may, indeed, bo ■ 
ordinaiy Smee*s batterv- 
cojiper wire a small 1'- 
making contact, the s+-i 
coj^per wires give no in'-' 

Liquids as well as "^' 
a voltaic current, and ' 
ductors, the woi-Ht co^ 
vided the conducti 
imssage of the cujm » 
will serve to shov. 
wine glasses, flj ^■ 
and water, and of - ,^ -Jim tihe relative degrees of 

them together am ^.,^ a-c ^^ ^^^^^ .^ ^^^ foregoing 
salt aiid water, an.' ^ >, ''Wj^ ^i^ conducting potei^ 
with the opposite* ^t^tt^ ^=^5^3 





Rff. 62. 

_.^ cry minute variations in the 

'^ ^^^viupanying woodcut (fig. 61) 

, .«£>ui^ which was invented bv 



.V Mr. Hearder, of Plymouth, 

■*"' '^^.j^jBr, lie succeeded in measuring 
**. i .-liswttthat subsists between the 
"* " % . Mxv Aud its resistance to the 
^ ;.^u*uint *»^le shows the results 
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; the voltaic current in expanding the wire 

■ I is transmitted is strikingly exhibited by the 

-i-j iiii^t hiL'nt. Suspend over a cup of mercury a spiral 

.^ . .iinll weight at the lower end to keep it slightly 

' ]>ivflcnted in fig. (j2. Connect the spiral wire 

' :ln.' piles of a voltaic battery, connect the cup 

'virh the other pole, and arrange the wire and the 

\,i\i the metal point at the lx)ttom may just dip into 

; Mt'tal. The voltaic circuit being thus completed 

■:u' wire, the expansion of it by heat causes the spiral 

. r, and to withdraw the connecting point from the 

Tiio contact being thus broken, the weight elongates 

\\ again, and again renews the electrical connection, 

» same effect as before; the weight will thus continue 

;'l falling for many hours, each withdrawal of the point 

^ mercuiy being accompanied with a loud snap and a 

sjKirk. 

Hi metals may be melted and, with the exception of 
1, deflagrated with great brilliancy, with a Smee's bat- 
iisting of twelve quart jars, the zinc plates containing 
sty square inches of surface on each side. The simplest 
exhibiting the eflect is to attach thick wires from tto 
poles of the battery to the handles of the universal 
er (fig. 33), to unscrew the brass knobs, and arrange the 
points above one another, about one inch apart. Having 
netal leaf into strips, apply the moistened end of a paper 
piece of wood to the laaS, and thus lift it up and place 
en the separated wires of the discharger. The instant 
metal leaf touches both the wires it will deflagrate with 
illiancy, and with the emission of a crackling sound, 
is an observable difference in the colours of the flames 
ffereiit metals when thus deflagrated Gold bums with 
vhite light, tinged with blue; silver emits an emerald- 
ght; copper bums with a bluish- white flame, accom- 
<vith red sparks; tin, nearly the same; lead, with a 
I pur|)le light ; zinc bums with a brilliant white flame, 
f to blue, and fringed with red ; and mercury bums with 
rilliant white light. 

lengths of thin wires are made red hot, and are melted 
•etched between the Ijattery^coimections. The lengths 
Y be thus melted are propf>rtionate tr> the power of the 
ind the thickness of the wire. 

,utiful effect may be produced by the combustion of iron 
d mercury with a pjwerful Imttery. When a. cm^ cs^ 
13 placed in connection with oiitt ot \Ilcy^ \ ^ 
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- • : > ilir^ii u?>n wire is attached to the opposite pole, atilie 

^>.:.. :".-.a: :hv if.^n wire is brought in contact with the m»- 

:.".>.ii:i: sr-iirks aiv dispersed on every side, forming u 

. . -• -•■ L-. [liinriry of rays, as if issuing from, a magnificenl 

^..•. [ ^r>:i: >Tl..u<.l>iir. The effect maybe continued as Icmg 

- .^. '1. ' y I:;' villi: the end of the ^^dre into the mercury as 

.. ^ -v.-y. i'ht- stlf-actinir arrangement, sho^Ti in fig. G2, 

. ^ : t :i'lv:i:LTii^ci.iii>ly adopted for this display of brflliant 

• : I'-iici^^'riti'U of metab by voltaic action, though it appa^ 

'iikv> I'i.Kv immtn.liatt-ly on making contact, is not so 

'^..vi.^iiiL-.t'U'* i.x ilio dednin-ation bv fiictional electricity. Tlie 

- ft ft 

.: V I'. !'■>■ •!! :■!. i-ajikiiry «'f tht-ir actions nuiy be shown by tlie 
• ..'. A :.^ \? V' iiiU'iits. Fii-^t, dischai-ge the contonts of a bat- 
I V ,' ..;::' i ::■....: L.cwleii jars tiinnitrh a vei'v fine wii-e covered 

fc ^' C7 ft 

"' ^. V. *.: w.-.L fv instantly dotiagrated, the oxide U'iug 

>.-.... '^ ■ n-i-.r. I lit tlio silk thivad that covered it will Ik; 

\. \:. "N*.!*..! a UK»iuontai'v cuiTent fi'om the voltaic 

ft 

. ■.-:.,"! .i!L ».\;uai louLrrh of the covereil wire by making 

^ o'M!'.'.vTi'»u uf the jK>les. The effects will now 

: . .■.'^•. . :" :! '. t'.'viiu'r exivriment: for the silk "will Ihj 

. ■. ':.'n: :'t.- \v:»v n\:H n^nain entire. In the first case 

- > • •: : i r-ii: rlu- vaitieU'S of metal ai^e dissipated 

N. V I >i". \v v."«''' I'.: ■.:.■!' of calorie, can In? affected by 

:»vr. . :«. : A s-.-j^nd ox}>eriment, the slower 

...: v- "I'v. -, V l:-.is !j.-i tiim.', durinir the short con- 

;v\\v V :i:i.l to melt the wii*e, though it 
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. \! i' •:• ■u i>f heat and light evolved by 

^ ;.■ ••vv' 'y t*i^» tniii-^missiou of a powei-ful 

\v /.i-Ov-'. points. Sir Humphivy Da^-^-, 

; X. ' I . - ..'xv batterv of the Roval Insti- 

■^■v•■^v :'.:it wliou the circuit has l)eeii 

. ■- \\«,' I'liiv-^ tif eliaix\>al, thev may be 

>: i^\ .' vr tb.ivt' inches without inter- 

.V '■} . and that in the s]»aei^ l)etween 

• • ;-.i-^ ;iu aivh of the in<»st brilliant 

^ ■■!'.c'i»inouou he gave the name of 

. ^. 'j'o^i ros«:'iii]>los that (»f the sun in 

«.• v'lKvt of combustion, for it is 

. .1 J ivvt'ivtT, whei-c no combustion 

.:v r \v:iior the voltaic arch may Ije 

...... :,v ^.MinloytHl, the more brilliant 
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Vtifttttty iff eighty pnirs of enpper and anc plates,' 
in^ee square, and excited witli diluted, sulphiiric acid. 
poilit«d piuces of boxwood charcwil may be conveniently 
i to the sipring olamps at the ends of the rods of the imiveraal 
lar^, as shown in fig, C3, Two pointed pieces of graphite 
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r been found to answer still better than cliarcoal. The 
b must be brought into contact before they are sepai-atiid, 
m they touch, the charcoal becomes heated, and on tlien 
dally separatuig them the light will appear in dazzling 
kacy. 

fittl the battery of 2,0(H) pairs of plate« provided by the 
il Institution for Sir Humphrey Davy, he succeeded in 
mting the charcoal points upwards of four inches from eadi 
t, without the cessation of the ai-c of luminous raya "When 
anbstiiLnce, however refractory to the action of ordinary fire, 
tmiught into this voltaic arc, it became fused; platipom 
led in it like wax in the fiame of a candle; sapplure, m^- 
t, and lime were fused ; fragments of diamond disappeared 
iiy, and seemed to evaporate without undergoing previous 
in. 

he cause of this remarkable phenomenon is not exactly 
lifftood. The light is, most probably, occasioned by incan- 
eoioe of minute paiticlea of carbon transmitted frram one 
} to the other, for dnring the evolution of the light there 
I observable transfer of particles of carbon, A small hoUow 
i re made in the piece of charcoal oooneeted with the 
tjve pole of the battery, and on the point of the negativdy- 
iBcted charcoal a projecting cone is deposited that exactly 
the cavity. 

>ne nf the mfirf beautiful experiments in electric science is the 

liMtioii ii]i'iiL 1 .soreen of a magnified image of the charcoal 

ait", ulii'u irii'lii>,'oing the action of a, ■voltaati \i8ii«Qj_J^5«. 

itropiiuxrd OB the field of a ma^^ 
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being thrown on the screen the transfer of the charooal from om 
\K)uit to the other can be clearly seen without rln-gg^liTig the ey«L 
During the action small globules or specs are observed on the 
charcoal, which are occasioned by the fusion of minute portions 
of silica it contains. When the voltaic connection is established, 
tlu; carbon attached to the negative pole of the battery first 
becomes luminous, but the light from the positive carbon is 
affcei'wards the most intense. 

A continuous flow of light between the opposite poles of a 
poweiful voltaic battery may be formed by other substances 
than carbon, but with no other substance can it be obtained so 
long and so brilliant. M. De la Rive, who made numerous ex- 
periments on the voltaic arc, observes : " Having taken for one of 
the electrodes a plate of platinum, I employed successively for 
the second electrode points of different substances. With a 
platinum point the arc is very short, especially if the point 
is the negative electrode. In air rarefied to about ^ih. the 
|X)int could not be separated more than ^th of an inch without 
bretiking the arc. The experiment was made with a Grove's 
l)atteiy of fifty pairs feebly charged. The platinum point becomes 
very rapidly incandescent when it is positive. Its extremity 
becomes fused, and falls upon the plate in a spherical globule, 
whilst when negative it is but little heated. On the other hand, 
the plate wliich is then positive, l)ecomes white hot, and runs 
the risk of being i)ei'forated unless it is thick. When a point of 
coke is substituted for the platinum point over the platinum 
plate, still remaining positive, an arc double the length of the 
former one is obtained. The arc itself, instead of presenting as 
before a cone of light having its base on the plate and its summit 
on the 1 joint, is composed of a series of luminous jets starting 
from different points of the plate to impinge ujxjn different 
])oiiits of the coke, and the heat developed on the platinum 
2)lat(- was so much increased, that the i)late was rapidly melted 
and })orforated. By this we plainly i)erceive the very gi*eat 
influence that is exercis(>d by the negative electrode, the func- 
tion of wliich is far from being merely passive, for we have 
mei-ely to change the substance of the negative electrode to 
materially modify all the details of the phenomenon. When the 
coke is positive and the platinum plate negative, the arc is not 
so long, especially in aii% but the coke ^wint is much heated, and 
becomes rapidly incandescent throughout." 

Iron, copper, silver, and German silver being substituted for 
the coke and platinum, it was observed that, when one was a 
point and the other a plate of the same metal, the pointed wire 
bcciime inaindcscent for a conj^iderabAe Oifet^wce li V^ ^^^^ ^i«^- 
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9 ]ieated at the extremity only when eonnected with the negative 
W pole. When mercury was used instead of a metal plate, the 
V mercury was put in a state of great agitation, and rose in the 
* form of a smaQ cone when it was connected with the positive 
end of the battery, and it presented a cavity beneath the pointed 
wire when the poles were^reversed. 

Experiments with the voltaic arc exhibit a further illustra- 
- tion of the fact, that increase of effect is produced by increasing 
the resistance to the passage of the electric current. When the 
two points are formed of the same substance, it is the one con- 
nected with the positive pole that becomes most incandescent, 
but when different substances are employed the one that is the 
worst conductor becomes most heated, whether it is positive or 
n^ative. Thus, for instance, when the positive point is silver 
and the negative is platinum, the latter, which is the worae con- 
ductor of electricity, becomes much hotter than the silver. 

All these experiments with the voltaic arc serve to prove that 
the cause of the phenomenon is attributable to the incandescence 
of particles emitted fix)m the positive point, and the continued 
action of the battery through the intervening space of air must 
be owing to the conductiug power of those minute invisible par- 
ticlea In the case of carbon the particles are more abundant 
but specifically are less conductiug, whilst the metal pohits yield 
a less copious supply but possessing separately greater conducting 
power. 



CHAPTER Xn. 

SECONDARY CURRENTS. 

The Voltaic current dq)endeiit am resistance — Indnction of secondary cnrrents on WT- 
makiiig and breaking contact — ^Indnction of electricity in a separate wire— TVi Ir. 
direction of secondary cnrrents opposite to primary — Faraday's vie?rs of the actitt 
of induced currents. 

The manifestation of the presence of electricity, whether excited 
by friction or by chemical agency, depends, as we have sevoral 
times had occsision to observe, alt<^ether on resistance to its 
dilinsion. Were there no resisting medium there would be no 
development of electric force, becixuse it would be neutralized as 
quickly as generateil by unimpeded conduction. A glass rod 
cannot be excited by Mction imless the air be, partially at least, 
chy and non-conducting ; whilst, on the other hand, a metal rod 
may serve as an electric, if the dispersion of the electricity be 
pi-evt-nted by insulating the metal on a glass handle, which re- 
sists the liow of the electric fliiicL It is resistance, also, that in 
the i^ame manner induces the manifestation of voltaic electricity. 
Were it not for the i-esistance of the fluid in the cells of the 
batteiy, which prevents the direct return of the electricity from 
the conducting plate to the zinc, no voltaic action could be per- 
ceived, for the |X)sitive and negative electricity woidd be imme- 
diately neuti-alized. If, for instance, a good conducting medium 
were establislied bv tlie introduction of mercuiT into the bottom 
of the cells, there would be veiy energetic chemical action ; there 
would be the excitement of electricity, but it would be inappreci- 
able, l)ecause it would be conducted back to the zinc plate as 
quickly as gonei-ated. It is evident, therefore, that without a 
ivsistiiig medium electricity could not be excited. 

It is etiually true, though not at fii-st so evident, that the 
exliibitiou of electric force, when excited, depends on the resist- 
ance^ niaile to its passiige through the bodies on which it acts. 
lightning pisses imperceptibly through a thick metallic rod, 
but sliivei-s into pieces an imperiectly conducting oak. The 
\'oltaie current also passes, as we have seen, through a thick 
cDiiduetiug wirti without any observable effects ; but when the 
,'y'ninc cunvnt is obstiTicted ^)y a \\\\iiii^iT V^^ \\» ^^xeVi\si^V«s8i^. 



•■lifiriii'it.I ilfcomjwsition, it w found tlul the 
ct is liinjiiiislied when the liquid undexgoing 
Seoompositioii aindiicta elefitricitv too fVeiily. 

Anotter eluaa ol' plitiiomena ilepeuding indirectly on the in- 
hience at' reaurtoncH in iiicreaBing the edicts of electrical acliou 
8 still more remarkalilc Ail the pruceding phenoDiena which, 
lave been noticed are caused by the direct action of the voltaic 
Bmrrait in its circuit from one end of the buttery to the other ; 
t in addition to the direct effecto of the elwtriwty thus put in • 
taon there are other voltiiiG cun-entSj excited by induction, 
which itre in many cases more energetic than the primajy elec- 
tric current that induces them. We shall have to notice the 
i>eculi&r ch&mcter of this inductive action more paiticularly 
when oonsddering the phenomena of electro-magnetiion, but 
bhere are some points which come appropriately within the 
present division of our siubject. 

When contact is made and broken with the connecting wirea 
if a single pair of plates, the wii'es used being thick and the 
knrcuit diort, scarcely any spark is visible on breaking contact ; 
.t when the current passes through a long wire, a bright spark, 
BCOompanied by a snapping noise, will be seen when the contact 
'a suddenly broken. The effect increases to a certain extent 
iriUi the length of the wire, and if it be twisted into a spiral 
Hhe spark is more bright and the snapping sound is louder. 

Buch a result is dii"eotly at variance with the presupposed 
bioQ of a voltaic current. As the resistance increases with 
a length of the wire, it might have been confidently predicated 
Kt the indications of electric force would decrease with the 
^Kmiautjon of the quantity transmitted instead of being in any 
y increased. The phenomena of this auonuiloUB action of the 
^—1^ faio cuireut in long resisting wirea have been investigated by 
fWaday with the care and ability mauiftist in all his experimen- 
fli jroBearchea, and he has succeeded in eliciting from them some 
ki^^ify interesting facts,* 

It waa ascertained in tlie course of his experiments that up to 
A eerttun point the spark on breaking contact becomes brighter, 
aid the electric development stronger, in proportion to the addi- 
" a to length of the conducting wire. The point to which thia 
let was obtained was limited nevertheless by the diminished, 
mtity of electricity tliat could pass through the longer wire, 
or after elongating the wire for .several yards the resistance d 
10 metal so tiu" diminished the quantHy of electricity it could ' 
itranamit m tu interi'ere with the effect Having, howeyer. 
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obtained the mftTinrn Tn result that mere addition to the lengA 
of the wire could give, the effect was much increased by twisting 
the wire into a spiral ; the wire having been covered with cotton 
for the purpose of insulating one fold fix)m another. 

Tlie brightness of the spark and the loudness of the snap wero 
still more augmented by the insertion of a bar of soft iron within 
the coil of covered wire. It was evident, therefore, from these 
variations in the effect, while its resistance to the electric 
current remained the same, that the increased force oonld 
not be attributed, as was at first conceived, to momentum 
acquired by the electric fluid in its transmission through the 
wires. 

Another remarkable fact disclosed in these researches was, 
that the extra current could be developed in a second and 
altogether separate wire placed parallel to the first ; and that 
when the power was thus imparted to the second wire, the 
primary one, through which the direct action of the battery was 
communicated, appeared to be no longer specially affected on 
breaking contact. 

In the earliest mode of making this experiment a long wire 
covered with cotton was stretched alongside the wire throng 
which the voltaic current passed, and the two ends were brought 
together. It was then found that when contact with the ^t- 
tery was broken by the primary wire, a bright spark was 
emittt^l at the junction of the secondary wire, which had no 
connt'CJtion wdth the l)atteiy. This manifestation of electricity 
in the second wii*e appeai'ed to be derived by a transmission of 
tlio action from one wire to the other, for only a very feeble 
spark wjis visible in the jainiary mre when the second one was 
placed lH\side it ; and on removing the second wire the bright 
spark was restoi-ed to the first when contact with the battery 
was broken. 

¥i\nn these experiments it apj^ears that the bright sjmrk in 
the single long wire exhibits the electricity that would be 
induced in a second wire placed near it, and as each additional 
length of wire inducers an iucreased amoimt of electricity, we 
may fonn some idea of the cause of the effect being increased by 
lengthening the wire, even though the quantity of electricity 
actually ti-ansniitted is diminished by the increased resistanca 
Wlien the long wire is wound into a close spiral it becomes 
stni morii effective in producing sparks on breaking contact, 
becjiuse, there is then a mutually inductive action in the con- 
volnji^iis of the wire, each one assisting to increase the effect of 
the otter. 

Di\ lioad, in repeating Earaday'a ex^xnxi<eii\a,\.Tife^^^^<^ «^«*. 



tfcfaagtotcoilofoopper, conagtangof Btripaoaeindiwidewid 

34 feet iong. At intervals of tweuty-five feet throughout the 
ivliole Ipugth of the copper ribljoa, wiivs were soldered, aupport- 
ug Knudl cups of mercury, so that the voltaic current could bo 
eadily sent either through the whole leugth of the coil or 
nigh any portiona of it, Wheji a paii- of plates coatained in 
I pilit cup were employed, the nuudmum effect was produced 
ftrar the current had traversed about 80 feet When the size 
( the pair of plates was reduced, the nuucimuin effect waa 
t produced until after traversing 250 foet of copper ribbon, 
rge platea being tried, the Irighteet spark was obtained aiW 
EOveTBing only SO feet. With this coil tthocks could be obtained 
a bEeaking conkict ; but the strength of the shocks did not corre- 
d with the brightness of the spark. When the large platea 
miployed, a very alight shock was percei)tible after the 
t had traversed only 60 feet, hut when it passed through 
b length of 250 feet, the shock whs strong enough to be felt at 
Hm elbows, though the sfiark was comparatively ^ble. 

These results correspond with other experiments which prove 
b when the length of the coil is increased and the battery 
tdnaes the same, the deflagrating power decreases whilst the 
maitr^ of the shock increases. Tms increase is limited, how- 
r, to the point where the resistance to the passage of the 
rent diiairuBhes too much the quantity of electricity trana- 

By increasing the intensity of the battery the action of the 
" act copiier ribbon coil decreases, but the effect is greatly mag- 
fied when the length of the coil is increased in proportion to 
e Additional number of battery ])lat«B, It has been found, for 
gmple, that a Cruikshanks' lottery of sixteen pairs produoes 
BToely any effect when transmitted through a ^ort ribbon of 
pper, but when sent through five miles of copper wire ^th 
an inch in diameter, it gives shocks too strong to be borne. 
L very diminutive battery, composed of a series of six pieces of 
opper wire with zincs of corresponding size, when discharged 
faron^ the five miles of wire, gave shocks to twenty persons 
Diaiiig hands together, though a single pair of larger platea com- 
nonicated scai-cely any shock. 
1£ any further proof were req^uired that the cnrrents thus 
d are not dependent on accumulated eneigy in the con- 
g wire, it is i^orded by the additional iact, no less cutious 
a anyother of these remai'kable phenomena, that these 
rente proceed in the reverse direction of the primary that ii 
e them. If, for instance, the second wire be ^lace<' 
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left to right ; the induced current in the second wire, wlien contact 
is suddenly broken, will be in the direction &om right to left 

A simple apparatus contrived by Faraday exhibits most satis- 
factorily the phenomena of induced currents, and the changes of 

their directions. A pair of 
zinc and copper plates, z c, 
were immersed in diluted 
add; G and E represent caps 
of mercury, wherein contact 
was made and broken with 
the wii'es A B, which formed 
a circuit through a long con- 
ducting wire ; two wires K P, 
were attached to the long di^ 
cuit, and could be brou^t 
into contact at a;, or have an 
apparatus interposed there 
to indicate the direction and 
force of the induced currenta 
To produce a spark in the 
cross wire junction, a piece 
of soft iron was placed in a 
helix at d, and the ends of 
the cross wires were rubbed lightly together whilst contact was 
broken at g or E by mising the wires A or B quickly from the 
mercuiy. In such cii'cumstiinces a bright Sjmrk passed at x at 
the nioinont of breaking contact, none occuiTing at G or E ; this 
spark exhibited the luminous passage of the extra current through 
the cross wii'es. When there was no contiict at x, then the spark 
appeared in the mercuiy cups when contiict was broken; the 
extra cuiTent forcing its way through the cell of the \m.T of 
plates. On introducing a line platinum wire at x no visible 
effects oceun*ed so long as the contact was continued, but on 
breaking contact at G or E the fine wire was instantly ignited. 
Chemical decomposition was also exldbited by the cross wire 
current by the introduction into the circuit of a piece of paper 
moistened with a solution of iodide of j)otassium ; but the points 
at which the iodine and the potass appeared were the reverse of 
those at which they were disengaged by the dii-ect current 
This proved that the momentary ciuTent induced in the cross 
wires on breaking contact was in the contraiy dii^ection to the 
primary cun-ent. The same fact may be more clearly shown by 
the introduction into the circuit of the cross wii'es of a galva- 
nometer, an instrument which will be more particularly noticed 
with electro-magnetic phenomena. 
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1 third and to 
I a coil of copper ribbon, 
er plate of a voltaic bat- 
, and the otber end is 
to facilitate the rapid 
Qg and breaking of con- 
;. For this purpose, a rasp 
T be fised to the binding 
m of the zinc plate, and 
drawing the loose end of 
: copper ribbon over it, 
re Trill be a lupid Hucceaaion 
oontactfi and interruptions. 
[d&te of glass e, or a board, may be laid 



The effect of induced currents is perceptible, even tbrongli 
ick pftrtitlons of non-couductiiig aubBtaacea, and may be com- 
tbui-th coU. In fig. 65, a repre- 



d of which ia attached to the 
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11 the coil, and 
e it place a helix of fine covered copper wii-e, to tlie ends of 
lich two brass handles are attaclied. When contact with the 
fctery ia rapidly made and broken, with the loose end of the 
ir ribbon, a aeriea of severe shocka will be felt on taking hold 
e brass handles, though it is quite evident that no portion 
the electricity from the battery can be directly transmitted 
toagh the helix of wire. 

This experiment appears the more wonderliil, when the induc- 
if electricity takes place in two separate rooms, by suspend- 
( the coils on opposite aides of the partition. A coil of copper 
ibon of about 100 feet long should be connected with the 
tbery in one room, and a helix of about 300 yards of fine wire, 
ith handles attached, should be placed on the opposite side of 
epartition, in the room adjoining. 

Tne induction of electricity may be exhibited passing through 
Wral coils of copper ribbon and copper wire detached from 
ah otlier ; — Thus, upon the first coil there may he laid a second, 
HOh is connected with a third, and upon the third a fourth 
toched coil may be laid, in which electricity will be induced 

a contact is made and bi'oken through the first coiL 
In these variations of the modes of inducing electricity in 
tached coils of wire, the electricity induced may he developed 
ther in a state of intensity, so aa to give shocks, or in the con- 
n which it is excited in the primary coil by a single pair 
plates, according to the kind of coil employed When the 
Dondary coil consists of copper ribbon or thick wire, the effect 
ill be that of quantity, but when a long coil or helix of fine 
B is Bubstituted, intensity effecte are pi-oduceA. 
' '^'" ' 1 *■' *^^ induction of an. electric 
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ELECTFEO-CHEUICAL DECOMPOSITION. 

MitiDn of water — Trunrierenoe of llie e 
^-furmloy's hjpotheaia— InfinitBairaallj small particlaa acted or — SnepeoBion 
Bf chemical ■fiinil}' b; voltiiic action — Sopposed identity of olnmiiail nffinity and 
"-^-^ ■*- — Decorapnaition of tlie lUulies — Remarkable lombnstion uf paper by 

■' - " --!--■— of metallic salta — Definite action of electro- 

d oquivaleDta— Ai)B0]at6 quantity of electricity 
in of water estimated — The chemical roltameler. 

t ha,-vfi already noticed that a Bucceasion of aparka from an 

ferical machiBe, or a BUCcesaioa of diacbarges from a Hmall 

a jai, can produce the decompoaition of many compound 

; and that in such decojnpoBitiona certain elements 

L themselves to the positive, and others to the negative, 

These effects, and this peculiarity of action, vrhich are 

mble only on a very limited acale in frictional electricity, 

Blugdly and powerfully developed by the voltaic batteiy. 

i decomposition of water aSbrda one of the simplest and 

t inBtmctive exhibitions of the decomposing power of voltaic 

tricily. A single pair of plates, when excited by diluted 

' J acid, is not sufficient to produce the effect. The 

laition of another pair of plates imparts the required intensity, 

t only Bofficiently to exhibit the phenomena of decomposition 

L feeble manner. With a combined series of twelve cella 

t compound substances may be resolved into their elemen- 

' oonatituentfi very satiafiictorily. When the connecting 

a &om the opposite poles of such a battery are inserted into 

BfjIaBB containing acidulated water at a short distance apart^ 

lall bubbles of gas will be seen to collect on the wires, and to 

' I quantities to the aurfeca K the wires be platinum, 

thich metal does not combine with the oxygen of the water, 

■e will be a copious discharge of bubbles irom each wire ; but 

I the wires be coppier, the oxygen gas will combine with the 

e connected with the positive pole, and the hydrogen gas only 

11 be evolved from the other wire, 

FThe form of apparatus represented in fig. GG ia well adapted 

^ the collection of the products of the dccom'^vtw'a. cS." 

i B, dosed at tte top, b 
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- .1 thick copf^T *->i are 
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' ~-^™ at the negative ran- 
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- p^tiye Buriace in the pK. 
-- :: rf two to one, the fomfr 
~ -.^tirogen gas and the latter 
^-^ m fie exact proportioiw ia 
..n-; that, -when chemically com- 

.. constitute water. AVI.'en the 

-■. ^*<« the wrea connected with 

"*'■• tne hydrogen and oxvgen 

."ta; and nnder whatever" dr- 
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ct the two gasea, even when 
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xteeited in the seme veseeL Uuder tiieee circumstances it 1 
ill be obaerved that the hydrogen clement of the particle of ] 
ater decomposed, which is separated from its association with ' 
^^u at C, must pass through the filaments, b', through tha 
id in the centra,! vessel, through the second filanieuta, b, and 
rough the wat«7 iu glass 1 to z, 'where it is evolved. No 
riation in the amount of battery power employed produi: 
ly alteration in the proportions of the gases evolved. Tlie 
liy difference attending ttie increase of the electric force is to ] 
ease the quantity of the gases, the propoi-tions being ii 
3 those that combine together t« form water. 
f we aeaume that the prooeua of decomposition is strictly I 
mited to the same particle of water, and that the separatioi 
B two elements takes place either at c or z ; that portion of the ' 
noental gas which appears at the other wire must traverse 
msibly through the three vessels, must rise through tlie two 
mdles of filaments, and descend again, without auy portion of 
escaping. But according to the view of voltaic decompoaitioa 
kken by Faraday, as already explained,* the process is not 
mfined to a single particle of the fluid, but each particle in the 
of commuuioitiou is decomposed. Thus, commencing at 
^fig. 07), the particle of water decomposed yields up its oxygen 
i that point, and the gas rises directly to the sur&ce. The 
j^oining particle of fluid is also decomposed, but latently — the 
lygen sejiarated ftum that second particle instantly combining 
fth the hydrogen hberated from the first, and parting with its 
Ti artom of hydrogen to the next particla This h^nsfer of 
i hydrogen element is continued tJirough all the particles of 
lid in succession until it arrives at the other battery termina- 
I, where, the series of decompositions being ended, the hydro- 
is liberated, and rises to the sur&ce as a, bubble of gas. 
tsoording to this hypothesis, which has received very general 
Beptation, the hydrogen liberated in bubbles at one wire is not 
B same that was associated with the oxygen evolved at the 
lier pole, but there is a complete cycle of voltaic changes, each 
trticle of fluid in the chain of communication having under- 
) decomposition and recompoaition with different, though 
ractly equal, atoms of the same element. 
The particles of water aeted on during decomposition must be 
[fiiuteainially small. The actual size of the ultimate particles 
water has not been ascertained, but some notion of their 
le minuteness may be formed by considering the results of 
somposition. A bubble of hydrogen gas the one hn.adced'bb. 
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jiari of an inch in diameter is distinctly visible hy the naked fj^i 
and one niillioti of mich bubbles wonld be contajned in a cnbii' 
inch. Fifty of such cubes would weigh only a single giwD ; and 
taking into calculation the oxygen element of the water, the 
evolution of a bubble of hydrogen gas yjnth of an inch in dia- 
meter indicates that a p>artide of water nas been decompoaed 
which could not have weighed more than the sixteen-milliwith 

Kof a grain. By the aid of a lens a bubble of gas the one- 
iredth part of ttn inch in diameter seems capable of diviiion 
into many other globules, so that we are able to observe a 
result from the decomposition of a particle that could not have 
weighed the one -hundi-ed- thousandth part of the sisteen- 
millionth of a grain. 

The transfer of the elements of the body undergoing dewsn- 
position by voltaic agency is illustrated in a still more remarkstJe 
manner when solutions of salts are operated on. The amiDge- 
ment of the three glasses with asbestos connections (fig, 67) banj 
retained, fill glasH 1 with a solution of muriate of soda (common 
salt), pour a solution of ammonia into 2, and an infuaon of 
litmus into 3. It will be found that under the influenee of 
the voltaic current the muriatic acid combined with the sod* 
in No. 1 will be transferred through the ammonia without 
combining with it, and will be collected in the glass containing 
the litmus, as will be indicated by colouring It red. In this 
case, therefore, it will be observed that the acid separated fewn 
the salt in No. 1 is conveyed through a solution for which rt 
has, in ordinary circumstances, a strong chemical affini^; tro' 
under the influence of voltaic electricity the action of chemi™ 
affinity appears to be suspended. 

In the same manner the elements of numerous other com- 
pound substances may t>e transferred through solutions of 
alkalies or acids without exhibiting any disposition to combine. 

This peculiar influence of the electric current is confinnatocy 
of Faraday's hypothesis respecting the mode of electric condue- 
tion through fluids. By that hypothesis the apparent suBpeneion 
of chemical aflinity in the intermediate vessel is attributed to 
the continued transfer of the acid irom particle to particle to 
the fluid with which it ultimately combines, no free acid being 
actually liberated till the chain of connection ia terminated bj 
arriving at the opposite pole of the battery. 

The powerful influence of voltaic electricity in controUing 
chemical affinities led Sir Humphrey Davy to infer, that chemiol 
affinity is itself a modification of electric attraction, and that 
those bodies which combine most energetically possess inherentlyj 
Jind in the greatest degree, positive and negative electriai|i|b 
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ionnderisg, therefore, chemical affinity and electricitj to be 1 
lentical, lie conceived that the voltaic battery would affoi-d the 1 
neacB of e^parating the most iutimately combined elements by I 
verpoweiring the attHictive force with wliich they are held 1 
■" BT. Acting on this opinion, he applied the power of the I 
y to the alkalies, whim he and other chemists had pre- | 
1 to be compound Bubstanceis, The result of these investi- I 
itiona constitutes one of the greatest triumphs of analytical | 
leausbry ; for by this meana those important substances, the I 
iths and alkalies, were diBcovBred to be oxides of peculiar 1 
■tetals, distinct in many of their qu&litiea from any of the I 
betallic bodies previously known. I 

The batteiy power employed by Sir Humphrey Davy was 1 
qnal to that of 274 pairs of plates four inches square; but even 
rith thia powerfiit apparatus it was not till after numerous 
s that he succeeded in decomposing potass. The difficulty 
enced was to bring the voltaic influence to act upon the I 
; for in a diy state the non-conducting property of the i 
stopped the electric current, and when dissolved, the 
: of the battery was spent in the decomposition of the j 
lus solvent. To apply the electric force to the alkali itself 
r Humphrey Davy adopted the expedient of making a ciystal j 
f potass transmit a current by the moisture of the breath on 1 
a sorfoce. This had the desired effect, and the appearance of I 
L globule of metal (potassium) at the negative pole of the bat- | 
i reward for his intelligent and persevering i 

The decomposition of the alkalies does not, however, require I 
powerful voltaic arrangement. This fact was esj^rienced by ' 
le author in a somewhat annoying manner when experimenting 
the copying electric telegraph, the action of which depends 
making marks on paper by electi-o-chemical decomposition. 
Fbe paper was well moistened with a solution of prussiate of 
' 1 diluted nitric acid, and the voltaic current passed 
_ the paper from a steel wire connected with the positive I 
pole of the battery. The effect intended to be produced was to J 
mpose the prussiate, and to cause it to combine with tha 
of the wire to make a blue mark on the paper. The battery 
employed consisted of two troughs of a Cruikshanka' 
•wangement, each containing fifty pairs of plates of two inches 
MjnarB. With this batteiy the paper was not only marked with 
K deep blue line as the steel wire was drawn along, but it was 
actually set on tii-e, and a small bright flame accompanied tt* 
TJlfl cause of tlda combuHtion wsib at 6i*. -^ 
itod by tlie ^rect actwti. ^A | 
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• ■\v»'rt\il. The smell of hydrogen gas shortly 
i, A 'i.iiotitiug the combustion of ix^tajaiim 
. , -:!i.iii :u u^Uiintityas it was, had decomposed 
. a.^-H M.i'i:i..ni in the jMqier: and as quickly as 
imi. ••: wxs intianied by combining with the 
■ IN Ml' ■. •:. and liberated the hydntgen. 
..:• .1 i' v.-ralUo stdts by voltaic electricity 
.N,.[, •til:.*-, fivin the fact that it forms the 
.... I :■ ' ' :' t- Uvt nvmetallui-gy. 

. *. ■ : « L* yii*.^ and eltKiti-o-gilding will be pa^ 
. . .:- ic .ippliojitions of electric science: ve 
■ . . " ' ."•"•."iidor the imtiire of the decomjwsiiig 
•" y\- w [ : Is: nietall ic deposits. 
• ■•■'■■Kt: :-.\^:u its solution, wliich constitutes 
. V • • . '. • X' inwoss, is produced, not by the 
^ ^.- ; 1j:<' ot c»op|>er by the voltaic cuiTent, 
.:...■: :' :'-.o water in which the sulpliateof 
'' I •■>r;ir.v'o. the hych*ogen that is ilisen- 
... .. ■•- •: wxzkw on Wing transfeired to the 
. . •. >.v ••■-cirive pole of the batteiy, com- 
'vuii^is the metal in the form of a 
■!'.■ ,.-L'i.«T.vr — l>ecause there is a gi*eater 
\> -.^t ;; Av.'i livdivijen than between the 
'/'h- o.»;'ivr Iviuij thus libeniti.'d from 
V xv^'-T., i-i dtMH •sited in a pure mo- 
.••:'!'cvtivl with the neg-ative |M)le 
''.\'.iivs;ou element of the water is 
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i.v '.v-'Mioi-sed in the solution of sul- 

x IV vLvv»ni|K)sing surfaces, there is a 

i.vial connected with tlie juxsitive 

lio latter gmdually ineivases in 

., V > i^Miv. In that case, the oxv;;eu 

^; vi water coml^ines immediatflv 

. . ■. 1 t;io sulpliuric acid a paiticle 

> ■;;'"Ad lately dissolv(»d. N<'it]iLT 

. uotal plate connecUnl with tlie 

. 'i' i^u?** but it combines with a 

. . ^'1 lit ion, equal to the quantity 

u* original jwnticle of water 

. .. • article of water, whilst the 

•.^i;eu» is deposited over the 

^ .^ , ., !!tiniiation of the ])i*oces8 

" ._ > gradually transfeiTcd to 
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mpositJOD of tlie sulphate of cojDper held in solution, but 
'tlie action and reaction of tlio oxygen and liydrogeu liberated 
u the docomixjBed water, 

!hsre is great dillia^nce in the facility with which different 
Upoand substAncee yield up iheir elements to the controlling 
ce of voltaic action. Iodide of pota«s may be decomiioBed by 
ingle pair of platea feebly charged. Muriatic acid and diluted 
phuric acid may be decomposed with a single pair when the 
STgy ia increajied by nitric acid, but a combination of three 
more plates ia generally required to produce decomposition in 
r bodies. ThM difference in the tlicility with which different 
jes may be decomposed by an electric current is attributed 
tlie different intensities of their chemical affinities, those 
iXB whose atoms are held together by the strongest 
« offering greatest resistance to the decomposing force. 
a interesting and important fact has been clearly established 
Faraday, that etectro-chemical force is definite in ite action, 
2 tliat the cliemical power of a current is in direct proportion 
"ill© absolute quantity of electricity that passes. The expres- 
I of the theory by Faraday is, " that tiie chemical decom- 
g action of a current u conatarU for a constant qvaiUity of 
'lUy, notwithatandiug the greatest variations in its sources, 
intensity, in the size of the electFodos used, in the nature 
iJie oonductora (or non-conductors) through which it is passed, 
in other circiunstances." * 

Tha demonstration of this theory by numerous experiments 
I strongly to conlirm the opinion, that electricity and 
emical affinity are the same force differently modified; for 
'» found that the amount of decomposing effects in all sub- 
noes agrees very closely with their chemical equivalents. 
7o those not acquainted with Ute nature of chemical oom- 
^tdous, it may be desirable to state, that the elements of bodies 
^^ _ B unite in definite proportiona. For instance, eight atoms 
axyg/na unite with one of hydrogen to form water, and one 
1 of oxygen a>nibine8 witli five of pots^iium to constitute 
Bs; and those elements will not combine in any other pro- 
ions. Many elementary bodies nnite in various degrees to 
I different substances, but those proportions are always 
ultiples of the first, and for the constitution of any given 
ibstance they will only combine in constant definite propo:^ 
For example, if ojq^en and hydrogen gases are mingled 
er Id the proportiona of ten to one, and are then ex- 
ploded in a close vessel, it will be found that chemical com- 

Jl *4ht^^b*tfal flaearciUi, writ* A ^^^^^^^B 
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bination has taken effodt coilj between tliose qmuftitieB oif 
gases required to fonn. imtery and that the two portkms 
the oxjgen in excess remain in tlie veasel not afibeted IgrttB 

explosion. 

The law by which the combination of elemoitB ia rflgohted ii 
definite proportions to constitute any sm^e sabatanoe^ la ftmnd 
also to extend reciprocally to all snbstonoea whatetver. Xhs 
operation of this law is clearly exemplified in the nrataal aotioa 
ci acids and alkalies. Thus, six parts of potuii Beutnlintfv 
of sulphuric acid, and four parts only cf soda prodaoe ih» mam 
effect. These proportions of six to lour prevail in the rolitinMi 
of potass and soda to all the acids; and tiiia being known, Ab 
quantity of either required to satinate any other add eia 1» 
ascertained without experiment For instanoe^ as the n att i r a tiiig 
power of soda for sulphuric acid exceeds that of potaas in fte 
inverse proportion of four to six, and it besnff known that 44 
parts of potass saturate five of nitric acid, it la eatafy oomputsd 
that as 6 : 4*4 : : 4 : 2*93; the number 2*93 i^epgreeenting ihe 
parts of soda equivalent to potass in saturating nitric add. Ihe 
equivalent proportions in which all bodies combine with one 
another may thus be computed, after having determined expeci- 
mentally the proportions of one or two combinationa 

The amounts of electric force required to separate the elements 
of bodies from their combinations, correspond in a remarkable 
maimer with the chemical equivalents of the same bodies. For 
instance, 8 parts by weight of oxygen, which combine with 1 of 
hydrogen to form water, combine in the proportions of 32 with 
copper, 58 with tin, and of 103 with lead; and the same amount 
of electric force that is required to separate 8 parts of oxygen 
from water, will, by secondary action, separate copper, tin, and lead 
from their solutions combined with o^n in ^Vprop^rtions of 
32, 58, and 103; the nimibers corresponding. with their chemical 
equivalents. So closely have these numbers been foxuid to agree 
in numerous experiments, that electricians do not hesitate to 
apply the more strict results of direct chemical analysis to the 
correction of the results of electro-chemical decomposition.* In 
reference to this subject, Faraday observes, — " I think I cannot 
deceive myself in considering the doctrine of definite electro- 
chemical action as of the utmost importanca It touches by its 
facts, more directly and closely than any former fact or set of 
facts have done, upon the beautiful idea that ordinary chemiqal 
affinity is a mere consequence of the electrical attractions of the 
particles of different kinds of matter; and it will probably UUl 
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to the meana by whieh we may enlighten that which is a 
ipreaent aa obscure, and either fully demonstrate tfae truth < 
the idea, or develop that which ought to replace it" 

The discoveiyof the law of the delinite action of electro-obemical 
force, and that the chemical power of an electric current ia in 
direct proportion to the quantity of electricity that passes, liaa 
shown the way to the determination of the absolute quantities 
of electricities belonging to different bodies in their natural 
etatea. This interesting subject of inquiry is opened by Faraday 
in the seventh series of his invaluable EjtpenmenUJ, ReteareJiea 
in Electricity, "Oonaidering," he observes, " this close and two- 
ifbld relation, namely, that without decomposition tranamisaion of 
electricity does not occur, and that for a given definite quantity 
€if electricity passed, an equally definite and constant quantity of 
water or other matter is decomposed ; considering also that the 
agent, which is electricity, is simply employed in overcoming J 
electrical powers employed in the body subjected to its action jff 
it seems a probable and almost a natural consequence, that the! 
quantity which passes is the equivalent of, and therefore equal ' 
:to, that of the particles separated ; t. &, that if the electrical 
]power which holds the elements of a grain of water in combina- 
iion, or which makes a grain of oxygen and hydrogen in the right 
proportions unite into water when they are made to combine, | 
could be thrown into the form of a, current, it would exactly J 
equal the current required for the separation of that grain otM 
wat«r into its elements again." 

The enormous quantity of electric power contained in a single 
grain of water is exemplified by the following experiment. Two 
iwirea, one of platinum and one of zine, each one eighteenth of an 
'i in diameter, placed five-sixteenths of an inch apart, and 
lersed to the depth of five-eighths of an inch in acidulated 
■water, consisting of one drop of oil of vitriol, and four ounces 
.of distUled water, and connected at the other extremity by a 
icopper wire eighteen feet long and one-eighteentli of an inch 
in thictnBBB, yields as much electricity in little more than three , 
seconds of time as a Leyden batteiy charged by thirty turns of 1 
:a very powerful electrical maehine in full action. This quantity, M 
■ibaagii sufficient if passed at once through the head of a cat to fl 
im it, is evolved by the action of so small a portion of the zino m 
sod water, that the loss of weight sustained by eitlier is inappre- > 
laaUe by the most delicate instrumenta. I 

By continuing the experiment until a grain of water wmfl 
decomposed, it was ascertained that one grain of water I'equireftl 
for its decomposition a continued current, <i? e\ecWvcv^ Voi "Sksi 
which, curreni. tkmsSi W ■^ss'rw 
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enough to retain a platinmn wire T^rtli of an inoih in tiudoMli 
red hot in the air during the whole time. Mn-lring a ooiii|iii- 
son by the loss of weight of zinc oxidized during the acnoii, 
it appears that 800,000 such charges of a Leyden batteiy as thai 
referred to would be necessary to supply electricity gujQicieDk 
to decompose a single grain of water. Thus, " zinc and platmnm 
wires one-eighteenth of an inch in diameter and about half an 
inch long, capped into dilute sulphuric acid so weak that it is 
not sensibly sour to the tongue or scarcely to our most delicttte 
test-papers, will evolye more electricity in one-twentieUL of a 
minute than any man would willingly allow to pass throng^ his 
body at once. The chemical action of a grain of water upon four 
grains of zinc can evolve electricity equal in quantiiy to that of 
a powerful thunder-storm." • 

In further proof of the high electric condition of the partdcks 
of matter, and of the equality of proportions of the electridly 
inherent to them with that necessary for their separation, Fara- 
day careAilly collected the results of the action of an amalgamated 
zinc plate and a plate of platinum when immersed in diluted 
sulphuric acid in ihe proportion of 1 of acid to 30 of water. The 
quantity of oxygen and hydrogen gases evolved measured 18*232 

cubic inches ; equal in weight to 2*3535544 grains, 
which waa therefore the weight of the water de- 
composed. The weight of the zinc plate was 
diminished 8*45 grains ; and 2*3535544 grains, the 
weight of the water decomposed, is to 8*45, the 
quantity of zinc oxidized, as 9 is to 32*31. These 
numbers correspond with the equivalent numbers 
of water and zinc ; which shows that for an equi- 
valent of zinc oxidized, an equivalent of water 
was decomposed. 

The decomposing power of electricity has been 
employed as a measurer of the strength of a 
voltaic current. The fact that the amount of 
decomposition is proportioned to the quantity of 
electricity being taken for granted, it is only 
necessary to measure the quantity of gases evolved 
from water within a given time, to determine 
the force of the electric current. Instruments of this kind 
were contrived by Faraday, and were frequently used by him in 
his experimental researches. Fig. 68 represents the form of 
the instrument suitable for general experiments. A graduated 
tube D, of even bore, about one quarter of an inch diameter, 




Fig. 68. 
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'm ground or cemented into one of the openings of a two- 
tiecked bottle, b. Two platinum wires, p p', are fused into 
I3ie glass and penetrate within the tube, where they are con- 
nect^ with two small platinum plates that do not touch each 
other. If the bottle be two-thirds full of diluted sulphuric 
acid, the fluid will fill the tube when the bottle is inverted, 
and will not flow out when again placed upright. An electric 
current being then passed through the tube by connection with 
the wires 7?^, the gases evolved against the plates collect at 
the top, and the quantities are measured by the displacement 
Cff the water. When the instrument is in use, the stopper is 
taken out of the second opening, to allow the enclosed air to 
escape as the water descends from the tube. 
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r^:..5^ -iii: •prstiict iii-i I'-T iii»rai»Tirizj: the lorce of voltaic 
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r - » Lis>tiL!.«-tiv»:f •.liti'^rvnce in the mauner in 

.,^^. - •..atI* iii'i thiit •'t electricity are developed. 

^^-^crLciiv ill CHxlics beci:»mes maiiiiested only 

" • .^..»;^caiiv'^* • Aiid thi High almost ever}- sul^stauce 

""* J... tcctiiciry. the conditions requisite for its 

" . ^ciutiliy ot frequent occurrence : conse- 

^ -w^rs \:iu:r few, unconnected, and e\-anes- 

^^ «tioi"e they were collected together in 

** . "'■ " ^^sttut to form the basis of a distinct 

- • "---■'"" ^^^^ -^^. ^^ji^je was different. The attrac- 

" "^ '" ,;^,iic. 'vhea once ohser\'ed, was sure to 
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J^ "• y " ^^^i-iiutfacs to determine its character 
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CHARAtTTEAlSTICS OF ItAtiNmC FORCE. ^^^1 

ihe substances in whicli the propcrtj of magnetism 
and excited are yery few, the pennanency of the 
it to be extensively known and studied before tlie 
of electricitj had attracted much observation. 
e, which is commonly considered the source of the 
letie power, ia one of the ores of iron, compounded of iron 
oxygen, and it is found in many veins of that metal in 
M parts of the world. The discovery of it haa been attri- 
to a shepherd named Magnes, who remarked its attractioa 
, iron crook, when tending bis flock on Mount Ida, and 
irbom it is supposed the niuno of magnet is derived; 
irding to other accounts, the loa<&tone first came 
Heraclea, in Magnesia, and one of its ancient names waa 
Seracleua. It is mentioned by Plato and Euripides as the 
lean stone, because it possessed the powej- of conunanding 
the strongest of metals. The best magnetic iron ore comes 
China. 
attractive power of loadstone for iron enables it to lift 
of that metal several times exceeding its own weight, 
natural magnet, however, is seldom used ; for steel bars, to 
the power can be coromunicated, are much more con- 
it for experiments, and may be rendered more powerfully 
bive than the loadstone in its natural condition. In 
ibing the phenomena of magnetism we shall, therefore, 
im have occasion to notice the natural m^net, as the 
■ dte experiments illustrative of the actions of magnetic 
■ are best shown by artificial mognete. 
^Sbd most remarkable property of a magnet ia the power it 
Messes of attracting iron, to the exclusion of nearly all other 
j^Stances. The metals nickel and cobalt are, indeed, also 
feracted by the magnet, but in so much lower a degree that 
e power, practically speaking, may be said to be limited to 

'The actual nature of this force is as inscrutable as that of any 
^the other invisible forces of Nature. It possesses, at the same 
toe, some remarkable properties which are not common to 
hera. One of these peculiaritiea is the unimpaired exercise of 
ie force through solid interposed substances of all kinds, with 
le exception of iron, nickel, and cobalt. If a needle be laid 
}on a plat«, or upon a piece of board or a sheet of copper, and 
la end of a magnet be brought near the under surface, the 
Bedle shifts about on the top of the plate, following the move- 
{enta of the magnet, and is quite a:S strongly attrairted towards 
'tts if there were no substance interposed. 
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different parts of the same bar of ntagnetiBed t&eL JNear tiw 
two ends it is the Btrongest, from which points the ftna 
diminishes very rapidly to-rords the middle, idiere no attzaotun 
whatever exists. This limitation of the power id tiie two endi 
is clearly perceived on placing a magnet on the table and toaoh- 
ing it with a key on different parts. It will be found tiiat aft 
the centre of the bar there is no pieroepttible at trac Uon , bat tint 
as the key is brought nearer to either end, it is attraoteif nun 
and more stxongly till it reaches the extremity of tito bar. Th0 

increase in the attesctrre 
power does not- pr o c e e d in 
regular gradation from As 
centra It is veiy sU^t rt 
• some distance mm i^ and 
continnes increasuigln a snnll 
degree till the k^* appEoadifli 
the end, when the ^ tttra d i w 
^ power rapidly aagmentBL S 
■> in the accompanying diagiaa 
^'^ * ABbeonehalfofama^ 

the curved line, e d, will represent the attractive force at difibr- 
^it points, the distance of the line from the magnet indica&ig 
the relative degrees of attraction 

Further investigation into the phenomena of magnetism shows, 
that the force exerted at each end of a magnet possesses different 
properties. Thus, if there be two magnets, it will be found that 
two of the ends of the separate magnets will be forcibly attracted 
towards each other, whilst the opposite ends will be as strongly 
repelled. These mutually attracting and repelling properties 
may be readily shown by suspending a bar magnet by lying a 
waxed thread round its centre, and then bringing it near to one 
or the other end of a magnet laid on the table. It will be seen 
that the same end of the stationary magnet repels one end of 
the suspended magnet and attracts the other. It will be also 
seen that the end of the suspended magnet which is repelled 
will, when brought near the other end of the stationary magnet, 
be attracted. These opposite directions of the attractive force 
peculiar to each end constitute what is called the polarity of the 
magnet. 

The concentration of the attractive power at each end of the 
magnetized bar, and the directions in which .the two forces are 
exerted, are shown in a striking manner in the following experi- 
ment. Place a straight bar magnet on the table, and upon it 
J&jr a sheet of stiff pasteboaxd eeveTsl m<(^«a \oxi%^s£ ^h^^ao^ ^Sostk 
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;, and steady the jwjsl^buai'd ut each, end hy resting it 
ipon tlkin hooks. On sjinukljiig iron filinga 
ihey will be aeen to arrauge thems* 1 n r 
'le -H-oodcnt, fig. 70, the gi-ett 
of the filings being (.ollect I 
each end of the ma^u t a. 1 
mreadiug out in cmrrilinear dire 
Bonn towards the two ends Very 
(few of the liiingH will collect on the 
Spot over the centre of the magnet. 

When this arrangement if the 
bon filings is closely examined, it 
trill be found that each smaU par- 
id» of iron is endowed with mag- 
letic power, and has a distinct polarity. 
Stto the poles of the magnet become separate magnets; they 
b their turn attract other particles, which, in like manner, 
le magnetic by induction, and attract particles more die- 
and thus, by a continuous chain of minute magnets, tlie 
knwigement into lines is formed. But the magnetiam thus 
bdaoed from particle to particle becomes weaker and weaker as 
Qie distance from the original source of the power increases, as 
evinced by the diminished number of the rows of filings. The 
pecaliar curves in which the magnetized [wj-ticlea arrange them- 
Kdvea are attributable to the attraction excited by those parts of 
thfl magnet more distant from the two poles. 
■ Bereral kinds of apparatus have been contrived to illuatrat« 
a pleasing manner the mutually attractive and repulsive 
powers of the two poles. One of the simplest and most amusing 
rf these contrivances ia the magnetic swan. The figure of a 
jfwaa may be cut out of pasteboard, and stuck into a flat piece 
" cork, to enable it to float upright on water. A small mag- 
'aed needle ia then introduced into the cork or ia run through 
pasteboard. When the switn ia placed in a large basin or a 
I filled with water, it may be made obedient to the will of a 
feorson who presents towards it alternately one and the other 
md of it magnet. If the magnet "be concealed in the coat sleeve, 
a piece of bread be held in the hand, the movements of th« 
irwBB seem more surprising. 

The induction of magnetism in soft iron on the approach of' 
nutgnet bears a close analogy to the induction of electricity in 
Jnsnlated couductora on the approach of an excited electric. In 
: former case, as in the hitter, the effect is produced without 
itaet; and as an electric excited with on* tmi o^ ^tot'wvw.'ui 
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also the peculiar oonditiaa of one pole of a nmgtmt indnoei fti 

.opposite condition of magnetism in the nearest part of soft ina. 

As an illustration of the pecaUar propertieB of magnelao inihiD* 

tion, place three or four nails on the table at diort distuiMi 

apart, and bring one pole of a magnet near to the head of tiie 

outermost nail, as shown in fig. 71. B7 this arrangeminl^ ^ 

_ end N of the magnei will iodaee 

\ I j£L (£. iS. 4L magnetism in the nail b, Htm^mA 

Fittn.^ will induce magnetiam in 43^ < in 

d, and d will indnoe ^*-" 



in e; the magnetism of eadi one, however^ W^ Icm aa its 
tance from the source of power increases. The indnoed mi' 
netism continues only so Icng as the ooereing foioe m eacdbMy 
and the instant the magnet is withdmwn ti^a naala loae tiieir 
attractive power. It will be observed, also^ that eadi nail wbik 
under the influence of the magnet posseasieB opposite pblea; tiie 
magnetism induced in the he«id of the nail 6 will be of tiie 
opposite kind to that of the end of the magnet presented ta il^ 
whilst the magnetism at the point of the nul will be aimikrtft 
that of the magnet. In the same manner, eadi of the nails iriU 
be endowed with the two kinds of magnetiam, the heads and 
the points being differently magnetic To prove that this is tiw 
case it will be only necessary to magnetize a sewing-needle bf 
drawing it a few times from the eye to the point against tlM 
end of the magnet, and then, suspending it by a fine thread, to 
bring it successively near to the head and the point of each nail 
It will be perceived that the point of the suspended needle will 
be repelled by the points and attracted by the heads of the naila 
The induction of magnetism in iron, and the resemblance of 

the phenomena to those of the induction of 
electricity, are clearly shown by the follow- 
ing experiment Suspend two wires by fine 
threads, and bring a magnet towards their 
lower ends. The approach of the magnet 
will induce magnetbun in the wires, and the 
poles of the two ends being endowed with 
the same kind of magnetism, the wires will 
mutually repel each other, as shown in fig. 
72. The divergency will increase to a cer- 
tain point as the magnet approaches, because 
the induced magnetism becomes stronger, 
but when the magnet is brought still nearer, 
Fi«. 72. Tig. 78. its inferior direct attractive power will over- 

come the repulsion of the induced magnetism, and will draw 
the two lower ends towards it, m ^^ maaosiRac ^o^wt^Vssl^ W 
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!he two other ends will still contiiiQe to repel each other, fiv, 
I farther from the attractive jrawer, it is iu>t auffideiit to 
some the influence of the induced magDetiBtu. 
If whilst the two wirea are divet^nt, as in fig. 72, iht 
i pole of another magnet be brought abore th«n, th«y 
I gradually coUapue as the second magnet ajiproaches untU 
» magiietism induced by tlie first magnet appears to be entirely 
SntraJiaed, and the two wirea will lie together a« if they wers 
Blirely iininfluenoed by the presence of the magneto The cause 
i this collapse of the wires on Idle appToaiA of Uie second mafDet 
I owing to the induction of opyuBite poles iu the two previously 
iftgnetized wires, by which means the magnetic power in each 
■ neutralized. That the power (M>ntinue3 in the wire is evident 
a withdrawing either of the magnets, for then the wires will 
^lel each other as before. The action of the suspended wire* 
J these experimefflts closely reseinUes that of suspended 
DiBulated pith ImiIIs under the in^uence of induced electricity,* 
i balls being made to diverge on the approach of an excited 
B tube and to colla}>se when an escitful stick of sealii^ wax 
I brought near. In. the c»ae of magnetic induction, however, 
he effect of polarity is more distinctly marked, and it is esBential 
hftt 1ihe inducing magnets should be brought near the ends of 

The following e;q>enment illustrates in a striking manner the 
lautralixation of the magnetic force by a second magnet Fro- 
u»e A piece of iron with two branches at one w ' 
in;, 74. When the magnet N is applied to ( 

the iron becomes instantly msguetia; the end 
which it is applied having an opposite state of j 
gnetism induced in it to thiit of the opposite end 
The magnetism thns induced in the iron will 
Msest to enable it to support a key or a nail. But 
whilst the nail is suspended, another magnet lie 
Implied to the second branch a, with the opposite pole 
to that of the magnet N, the attractive powers of the 
■OBgoetiBm communicated to the iron will be neutral- 
bad, and the nail will drop off. This experiment may 
be performed with a strip of ordinary tinned iron — "'■ '*" 
itommonly called sheet tm — which may be readily cut with aa 
old pair of seizors into the recimred shape. In experiraenta 
with induced magnetism soft iron is mudi to be preferred tO 
tted, for, in the first place, the magnetic force is 

• S«e pug* 88. 
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imported to iron tiian to Bteel, and it aLra more qiiictUy A^ 
appears when the magnet is withdrawn. 

There are several methods of imparting pennaiieDt Tnagiwrti 
to steeL When a magnet of small power is reqtured^ it is suffi- 
cient to rub a magnet from end to end of a steel bar sevenl 
timesy always begmning and leaving off at the same end and 
with the same pole of &e magnet Thus if a steel bar be kid 
on the table and one of the poles of a magnet be appliad air one 
end and drawn to the other^ the first operation will be Baffiownt 
to give a certain degree of magnetism to the steeL By repeaftott 
the operation a second tune the magnetism will be inorease^ 
and after ten or twelve repetitions on both sides, the steel btr 
will become strongly magnetic^ The magnetiaed bar may in the 
same maimer be applied to impart magnetism to another without 
losing any of its power^ and thus any number of magnets may 
be made from a single one. The magnetism inmarted to steel 
bars will continue for years without diminution if they be kept 
in pairs ranged parallel to one another with the opposite pdies 
connected together by pieces of iron. 

When powerfrd magnets are required, a different process of 
communicating magnetism is adopted. The opposite ends of 
two strong magnets are applied to the eentre of a thin steel 

bar, as shown in fig. *16^ and are 
drawn towards each end. This 
operation is repeated several times 
on both sides of the bar until it 
has received its nrm.'giTnnTn quan- 
tity. Five or more thin bars of 
pj steel are thus treated, and they 

are then bound or rivetted to- 
gether with the same poles omited, so as to form a compound 
magnet. Magnets of this kind have been made of sufficient 
power to lift ten times their own weight. A compound magnet 
in possession of the Eoyal Society consists of 450 bar magnets, 
each fifteen inches long. 

In communicating magnetism to steel by either of the two 
methods described, the magnetism at the end of the bar is of the 
opposite kind to that of the end of the touching magnet at the 
point where contact ceases. Thus in ^, 75, &e end n being 
drawn from n to a of the bar of steel, the magnetism of the 
latter at a is of the opposite kind to n. 

It might be supposed that in communicating magnetism by 
two magnets the centre of the bar where the two poles of the 
magnets are repeatedly applied would be magnetic, but if the 




B lie properly performed the magnetiam will be confined 
B two ends, and the centre will be neutral. This property 
laiity is remarkably shown when a magnet is broken. lu 
ABe the central parts which previously exhibited no magnetic 
r beoome instantly endowed with magnetiam of opposita 
., and each fragment of steel becomes a perfect magneL 
Bame effect is produced however frequently the jirocess of 
on and subdivision is carried on, so that a single mngnet 
t be divided into a thousand, each one of which would 
two poles posaeaaing different kinds of magnetism. In 
espect there is a remarkable difference between magnetism 
leetricity. When electricity is induced in a Jong inHulated 
loting body, the two ends exliibit opposite kinds of eteo- 
f, but if the conductor were divided in the middle and 
ited into two, whilst under the influence of the inducing 
ic, each of the two separated portions would be in different 
ieal conditions, 

i have hitherto considered the magnetic force to be greatest 
B extremity of the magnetized bar, and practically that is 
ise, for it is at the end that the greatest amount (if lifting 
r can be obtained ; but in point of f 
the poles of a. magnetized bar of 
are situated at a short distance from 
Etremity. This may be proved by 
ig a thin iron wire along the under 
K of a magnet suspended horizon- 
aa shown in fig. 76. Let the mag- 
' B be rested on the end of a Ijook 
1 upright A piece of iron wire, a, 
\t one end, to suspend a small seale- 
an then be moved along the mug- 
nd it will be found that the weight 
I support will be greater about one- 
of an inch from the end than at the 

at possesses powerful influence on 

etic bodies. A strong steel magnet 

» entirely deprived of it« power by 

ig it red hot, if its poles be left un- 

rted. The magnetic condition of 

■when nnder the influence of heat 

i, indeed, to be similar to that of etift i 

nuch more qiuckly induced than when it it 

stain the power when the inducuig luagwA. w WvWvivin.tiw. 
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K how9iver, the oppodte poloB of two vmpif^ be 
ends of a heated bur of stecX and they vemam tliire i 
the bar will be rendered stropglj and pemuuumtl j nMoetia 

When great lidiisg power i» req^tiix^d, th^ 
in given to the magnet^ ai reftroaented in fg. 77. The twopolea^ 
Vy a, are thus brought to act together aa a «oii)i|icnind wagiosi^ 
and their oombiQed attraotiTa Ibreee BBtaj be e^serted on a 
pece of aoft iron, K, called the keeper. 13ie pi^ee af iron 
Decomea immediate j magnetie by induetjoii^ aad* ita two p<to 
react on the polea of the indufling magnet^ md ^itt add tQ the 
force by wiiich they are mutttaQy attracted^ 
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TBRREBTBUI. UAOSETIBU. 1 

irfb ruid sontli poles of mnj^ietB — The tDsrinBr'a rompiiaa — Dariatloiii ol' tba I 

nugoerio Dcedle — Tie dipping noBdlo — Maxiiftic pulen of Ihe earth — DinniBl I 

VHnatign» of tli8 needle — tiauM of terrestrial moenetism — Magnetic itonin — 1 

Diredive force of terreatrial magnelimn — Irregularit; of the uompaaa in iron I 

■liips — DiaiuagDetisin — Tliwriea of magnetiain. I 

a Btiuight magnet is balanced horizonlally on tta centre, 
i Till, after OBcilla.tmg for some time, place itself in a position J 
ith one of its poles pointing towards the north. If that jxile I 
I marked it wUl be observed constantly to assume the same I 
1, and if the other end be brought towards the north, tlie ] 
natraiiiiiig force vnR be no sooner removed than the marked end 1 
[11 turn round and place it«elf as before. The polari^ of the 
Mgnet is observable in every part of the earth's surface; for 
hetber it be iu Europe or in America, in Iceland or at the 
ftpe of tiood Hope, the same eod of the magnet invariably turoa 
iwarda the north. That end has consequently been called the 
irtli pole of a magnet, and the oppoBite end is called the south 
le. 

This attracting of the same pole always towards the north 
be produced by some power in the earth which posseBses j 
influence, and this power is naturally assumed to be ni«g- 

The discovery of the polar attraction of the earth is the most 
jfiil contribution science ever made to the commerce of nations, 
d to the diffuaioQ of civili/ation a.nd knowledge. The fact that , 
enspended magnet always turns the tame end towards the 
Brth pole of the globe no sooner became known than its appli- 
ition to navigation was suggested ; and directed liy thjg guide 
soon learned to track their way in the darkest night, 
ar out of nght of land, with the certainty of steering in 
B ri^t dire«tii>n. 
^e mariner's ooinpaiB consints of a magnetized needle deli- 
itfAy balanced mi its centre by a fine point A circular piece of 

Erd board is attached to the needle, on which caTii i\« " \iijvj*» 
the compaat" mm marked, ^e circle \i«ang ibVt&e&'\&AA'CtCG^- 
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two. A rectangular oroflB marked N. B. K W., at the pooAl 
norfch, soutihy esurt^ and west^ farms wbat asre called tibe ter 
cardinal points of the compass. The spaces between these an 
equally divided into four other points, distinguished as nofth- 
east, north-west, &c; these again are equally sabdiidded into the 
points distinguished as north-north-east^ east-nartfa eaat^ Ae^ and 
a further subdivision completes the thirty-two pointB of die 
compass; the last points being distinguished by the panep osit kn 
"by" before the last word, as north by east, east-northrstst 
by east The principal difference between a maznier^B oomp s si 
and an ordinary one consists in the method of monnthig it 
between two concentric brass rings with independent besnagi 
for the purpose of maintaining the instnonent in a horiiootil 
position during the heaving of the ship. The north pole of tibs 
compass does not point exactly to the north in this part of die 
world, but it is directed about twenty-two degrees to the west of 
the geographical meridian. 

The deviations of the magnetic needle vary in diffirent paiti 
of the world, and are more or less considerable at diflfennt 
periods. At the present time, the amount of deviatian in 
liondon is 22° west When jQrst observed, in 1576, it deviated 
ir 15' to the east; in 1657, the needle pointed directly to the 
north, from which date it gradually deviated to the virest tiD 
1815, when it attained its maximum of 24° 17' 18"; and it has 
since been gradually, though slowly, veering easterly. This 
deviation from the taie direction is called the dedincUion of the 
magnetic needle. At Paris it was 11° SC/ to the east in 1580; 
the needle pointed to the north in 1663; the deviation was 8° 
to the west in 1700; 20° in 1785; and 22° 14' in 1814. From 
that period its westerly tendency commenced to diminish, and 
in 1849 it was 20° 34', or two degrees less than in London. The 
greatest variations that have been observed amounted to 43° & 
east, in 60° of south latitude, and 93° east longitude; in Green- 
land the declination has been observed to extend 45° west of the 
geographical meridian. 

The magnetism of the earth is indicated by another action on 
the magnetic needle besides its attraction to the north. It 
might have been assumed that if the source of magnetism were 
in the earth, and situated towards the north pole, the attractive 
force would be exerted, not only in drawing one of the ends d 
the magnet horizontally northwards, but that it would draw it 
also downwards, towards the magnetic pole of the globe. This 
is found to be the fact; for if a bar of steel be balanced hori- 
zontally and afterwards magnetized, the equilibrium is no longer 
preser^'ed, and the north pole la oAAacac^AdL ^-wK^rax^ Xsptoe^ 
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e e&rth. This natural inctinaijon of the magnet is called Ita I 
jfc The degree of mctination varies even more than the 
Ktination of the magnetic needle. Near the e<)iiator tlier 
Ale perceptible dip, tJie attractions of the two poles being there 
larlj equally balanced; but on approaching the polee, the dip 
nimenc^ and goes on increaaing the farther we advance north, 
t two points within the arctic circle the north pole of the 
pping aeedle aeanmes a perpeudi;;ular position, as if the source 
' attraction were directly beneath. These poiota are called the 
itic poles of the globe. They are situated at considerable 
ees from the poles of the earth's axis. One magnetic pole 
a discovered by Sir John Boaa to be situated 70° 5' 17" north 
titude, and 96° 45' 48' west longitude, the dip being at that 
int within one minute of verticaL The other niagnetio pole 
in Siberia, in 10:2° east longitude, and in latitude north of t)0°. 
3ke two magnetic poles are about 200 miles apart, measured 
i Greenland and Norway, One of the south magnetic 
is supjiosed to be near Cape Horn, and the other to the 
nil^ of Austraha. 

The degree of the dip, as well as the amount of deviation, 
tieH at the same place at different periods, though the varia- 
n of the dip is not to the same extent In 1720, the dip of 
3 needle in London was 74° 42'; in 1800, it was 70° 35'; in 
S30, it was 69° 38'; and at the present time it is 67° 30'. In 
" I, the observed inclination of the needle in 1671 was 76°; 
. 1791 it was 70° .52'; and in 1829 it was 67° 41'. The differ- 
X between the dip of the needle in the two latitudes of Paris 
i London, it will be observed, is about two degrees. 
In addition to the variations in the declination and in the 
a of the needle, which occur at intervals of years asunder in 
nQar gradation, there are also more minute variatious observ- 
Je in difl'erent parts of the same day. The diurnal variation 
omencea early in the morning, at which time the magnetic 
ledle points in a more easterly direction than ita medium 
imtion. At seven o'clock the easterly movement ceases, and 
tends towards the west until two o'clock. About that hour 
a turns towards the cast till the evening, and regains its 
I point during the night. 
'The [^enomena of terrestrial magnetism open a wide field for 
y; and the subject was considered so important that a 
B of those who had made magnetism their study n 
1 at Cambridge in 1^45, during the meeting in tiiat Uni- 
' '' of the Britiah Aimoinntioti for the Advancement < 
t, and it wan di^ttmuiiuxl t(i undertake a aerie; 
K ia il i&gigib j/nU of the woAi, bn ti 
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elucidating the causes of magnetic action. Magnetic obserah 
tories have been established, and observationB with ingeniooil^ 
constructed instruments continue to be made by day and ni^^; 
but hitherto there has not been much light thrown on the mjB* 
terious actions of terrestrid magnetism. 

According to the general opinion at present entertained on 
the subject, the magnetism of the earth is due to the influence 
of the sun's rays striking on different parts of the equatofial 
portion of the earth during the revolution of the globe on its 
axis. This opinion is conflrmed by the known relationB betweoi 
heat and electricity, and by the l^own fiust, which will be.mofo 
fully developed in a subsequent chapter, tiiat heat, electriciiy, 
and magnetism are convertible into each other. 1^ causes of 
the variations in the deviation and inclination of the magnet^ 
and of the existence of different magnetic poles, remain as yet 
undiscovered. 

The variations in the magnetic needle that we have hithoarto 
noticed are generally gradual or periodical in their changes; bat 
there are other disturbances of an irregular kind that strongly 
affect the needle, and make it oscillate quickly, as if it were 
under the influence of a power that is rapidly shifting its 
])osition or degree of force. These disturbances, which when 
violent are called "magnetic storms," have not been satis- 
factorily accounted for. They have an undoubted reference to 
the electrical condition of the atmosphere, and in northern 
latitudes they have been observed to be most violent when the 
a\ir<>ra borealis is more than usually active and brilliant 

The attractive force of terrestrial magnetism is very feeble. 
The slight directive force with which a magnetic needle is drawn 
towards the north pole is evident from the small amount of 
magnetic power required to cause a deviation from the polar 
tl inaction. When a magnetic needle is delicately suspended, it 
will he sensible of the approach of a magnet at a distance of 
stwonil feet, and will obey the artificial force at that distance in 
op|H)8ition to its natural tendency. The amount of directive 
force has Iwen measured by Coulomb's torsion magnetometer, 
and has Ihhmi ascertained to increase on approaching the poles, 
with the iuort^aac of the dip. Assuming the magnetic intensity at 
the e<juator, where the needle is horizontal, to be 1, on advancing 
north waixl till the dip is 24'', the magnetic intensity is 1*1 ; when 
the dip is 1)4°, the intensity is 1*3; and near the magnetic poles 
it amount« U> 1'7. 

Ill consecpience of the small amount of force exerted by the 
inaguetiam of tht) earth, the magnetic needle is very liable to 
varJHtiou8 iwm local inAuencea. TVjab \a ^ TSia.\XKc ^ ^^«^t 
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Iiportanc^ in navigation, especis,lly aiitce the extensjre intnv 
uction of iron eliijia; an<J sevwal wrecks that have recentlj' 
lik«n pliice liave been attribwteil to the defrctive state of the 
hips' compasses, caused by the irun of which they were con- 
itnictcd. The mere attractioii of the iron would not ba siiffi- 
Rrait to produce this effect; for the attraction of a, large mass 
ID tliB Email needle would operate nearly equally on each pole, 
nd thus counteract the tendency to deviate; but when the iron 
f the ahip by any means becom-es magnetic, it may produce a 
powerful iiifiuence on the compass, and thus be the cauxe of 
nriouB disasters. It ia an asoertained fact that a bar of iron^ — a 
poker, for insbmce — if repeatedly struck whilst it is held in the 
^^ ''j meridian, becomes permanently magnetic; and the 

ingof an iron ship during IttconHtructioQ, and the strains 
to which the plates of metal are liable in a rough sea, are, it has 
taon supposed, sufB-cient to impart permanent magnetism to 
diSerent portions of the ship. 

Several methods have been recommended and tried for cor- 
J the influence of local attractions on the compass, the 
principle of which depends on placing near the magnetized 
aeedle a mass of iron so adjusted as to counteract, by the more 
powerful proximate attraction of the surrounding mass, the 
I remote, and consequently less powerfVd, atti-actiona of 
ea of iron in diflferent parte of the shi[i. 
It was until recently generally aupjjoaed that the only Bub- 
fbupoeB in nature capable of be<M~«ung magnetic were iron and 
jte combinations, and the metals nickel and cobalt. The slight 
Sidic&tions of magnetism in other bodies were attributed to the 
inute pcrtiona of iron, and it has been experi- 
vaiitBlly determined that a quantity of iron so minute as to be 
inajijvedable by chemical anal}^ is capable of being acted 
a by a magnet A new class of magnetic bodies has, however, 
ten discovered, which are acted on the reverse way of their 
longtiu, the polarity being in the direction of their shortest 
<UuDetet« instead <rf their longest. Profeesor Faraday, the 
dta«rT«rer of this [HHmliar property, has pursued the inquiry 
viA his usual zeal and skill; and irom the result of his 
FeaearcheB it appears that all bodies which are not magnetic 
in the common sense of the term possess this remarkable pro- 
|Mf^, which he calls diamagnetism. He ascertained that all 
neh substances, when snspended between tlie poles of powerful 
s, place themielves in a position at right angles to the 
■rfie mt-tal biKmuth is the substance most powerfiilly 
letie, and stands at the head of Hob claak, »\ron.'«. ^ 
lutjc bodiea 
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In the oonne of Faraday'B «zperi]ii6iit0 he opsmfced, not 
on solids and liquidsy but on gases, irhioh ware also fiyanl ti 
exhibit the properly of polarity and diamagnetum. irlienL pkMl 
in what is called the ^^ magnetio field" — ihat ia^ in the qnfls 
included between the opposite poles of a powariEal horae-ahoe 
magnet The different gases exhibited the p roperty in fmam 
degrees, oxygen being the most stron^y diamagnetic. The neir 
field thus opened to investigation has been yet but imperfeettf 
explored; and it se^ms not improbable that farther researdifli 
will prove that the dissinularity between magnetic and dk* 
magnetic bodies is rather in the mode of manifestation than in 
the character of the force. 

When the cause of the limitation of the power of magnetism to 
three of the known metals is discovered, we shall probabty be 
enabled to perceive why the polarity of other bodies differs m 
its direction. Becent experiments, indeed, indicate that the 
difference of magnetism and diamagnetism is caused hy the 
arrangement of the particles of matter, and that when the 
natuml order is forcibly changed the magnetio dbaiacter is also 
altered. When, for example, a short bar of bismuth is forcibfy 
compressed in a vice, it loses its diamagnetio character, and 
if then placed in the magnetic field its two ends are attracted to 
the poles of the magnet in the same manner as a bar of steeL 

It is the opinion of Faraday that all metals are magnetic, in 
the same way as iron, at certain extremely low temperatures. 
His experiments, however, to establish this opinion were not 
successfuL At temperatures of 60° below zero, none of the 
other metals exhibited magnetic properties. Iron loses that 
property when heated to orange-red. A steel magnet loses its 
polarity at a much lower temperature, but the steel continues 
to be acted on by another magnet until heated to a bright red. 

Various theories have been propounded to account for the 
phenomena of magnetism, but none are sufficiently satis&c- 
tory to be recognized as established. It is a prevailmg notion 
that magnetic currents are actively circulating round the poles 
of a magnet, but such a notion is little better than a fancifdl 
supposition. The fact — ^which we shall have to notice in the 
next chapter — that currents of electricity when circulating 
round a bar of iron renders it strongly magnetic, gives seeming 
countenance to the supposition ; but we are at a loss to conceive 
by what possible means such currents could be excited and 
directed for years together round a bar of steeL 

It is contrary to our present purpose to enter more fully into 
the examination of the many curious phenomena of magnetisnL 
Our principal object in adverting V> ^^ «qXsv»-^ '^•^•\s«sB.\ft 
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explain the general and peculiar actions of a force so closely 

S allied to electricity that we could not proceed farther with the 

^ consideration of tiie voltaic action without noticing its develop- 

r ment. The mutual excitement of magnetism by electricity and 

of electricity by magnetism, which we shall shortly have to 

consider, exhibit such an intimate relation between the two 

that they can only be regarded as different modifications of the 

same force. 
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Effect of voltaic currents on mai^etic needles — ^Magnetism indncedin fhe ooDdncdig 
wire — Directions of deflected magnetic needle by opfMsite cnnnents — ^Mahipfia' 
tion of effect by coils of wire — Galvanometers, tneir extreme setuitiTOMt- 
Mapietic action of copper wires — Polar direction of a wire ooll — Electro-m^DBto 
— 1 heir great power and limited spheres of attraction— Ratio of diminntion of 
attractive force — Proportionate sizes of wire and iron — Economk»l eflbct of kag 
coils. 

A CURRENT of electricity transmitted by wires from one end of* 
voltaic battery to the other meets with great reaistanoe, even 
when passing through the metals that are the best condncton 
The amount of this resistance is proportioned to the square of 
the diameter ; and it increases rapidly, in some ratio not exactly 
ascertained, with the length of the conducting wire. The action 
and reaction that are thus continually in operation during the 
passing of a voltaic current produce remarkable magnetic ejSects, 
which extend to a considerable distance beyond the sur&ces of 
the conductors. 

The influence of frictional electricity in magnetizing and 
demagnetizing steel needles was known to Franklin and other 
of the early electricians ; but it was reserved for Professor 
CErsted of Copenhagen to discover, in 1819, the much greater 
magnetizing influence of a current of voltaic electricity. He 
discovered also that that influence is exerted not only by trans- 
mitting the cmTent directly through the bar to be magnetized, 
but by a secondary action in other wires. 

If a thick copper wire c z, connected with the opposite poles 

^ ^ of a voltaic battery, be 

■■"^■^^^■^■■■'^■^"■■"'^■^^^^^^" placed over a magnetic 
S 1 JSC needle N s, balan^d on 

its centre like the needle 

of a compass, and in 

the line of the magnetic 

Fig. 78. meridian, the needle 

will be deflected the instant that the current passes through the 
wire; and it will mnaiu defllected irom*\\aTiSk\^tt^\v^^^^^s^^ 
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r leas degree aooording to tlie strength of the cnrTpnt. 
the cniTtint from the copper, or positive, jwie of the battery 
aa &OII1 the north to the south pole of the magnetic needle, 
B deflection will be towards the east ; hut if the current pnsa 
I the opposite direction, the deflection of the needle will be 
rwards the west. If the wire be then placed below the needle, 
B action will he reversed : the north pole of the needle, which 
u deflected to the weat when the wire was above it, will be 
Bflected to the east A. similar reversal of the deflections of 
le needle occurs when the direction of the electric current is 
wnged by reversing the connections of the wires. 
The conducting wire seems, in these circumstances, to be 
idued with polarity at right angles to its axis, as if an infinite 
umber of small magnets were ranged tangentially to the wire 
" J by aide transversely to the direction of the current The 
' ' 1 of the electric current, indeed, appears to convert 
e conducting wire into a compound cylindrical magnet 
It is not essential that the conductor should be metal. 
1, and even acids, will, when conducting a current of 
eetricity, become temporary magnets, and deflect the magnetic 
iedle when it is placed parallel to the flow of electricity. The 

e power ia exerted by the battery itself; for if a long mag- 

c needle he ausy^nded irom its centre over the cells ot a 
[dtaic arrangement, it will be deflected in the same manner as 
Jlie*fdle balanced over a condnoting wire^ 
Ab the needle is deflected in opposite directions when the 
ire is placed above and when it 
' below, it appears, on the first " 

, as if the magnetic influence 

I changed fcy the alteration 
? position ; but the change is only 
;5)arent and not real. Let c z, c" 2* 
present the conducting wire, with 
e current passing in the direction 
■ the arrows from c to z. The 
agnatic needle n » is balanced on 
pivot fixed to the wire, so that it 
ay be turned round with it ; and 
MBg held in a vertical position, 
1 trifle heavier at one end, it 
ill not be affected by teirestrial 
Agnetism. The wire on the left 
I the figure shows the north pole 
r ttie needle deflect«d towards the rig\it hand. 'Y-« cn. 'Oas, -«\^ 
md p niil it is brought ii^^&^[" 



h pole of the needle nemi to Im ddlsated IB tha «»' 
in, though in relation to the irira H hu zmmat i 
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then the north _ 

trary direction, though 

unchanged ; the apparent difibrenoe being OMued vntirdf hfM 

being seen from the opposite sidei 

B^d the Dondocting mre S into the fincm of a nOtuA, 
and place a btdanced magnetio needle in tike oentre cf H^ m in %, 
80; theendcof thewirabrangoonneoted'witlilliepantiTCpw 
of ih» battery, and the end z wHh the negatiTC^ or sno toL Ih 
elbct of ikaa ~^ 
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flaeniDe of the o 



frmn north to aondL Th 

§Mne coirent^ if it w<m to 

■^ — ^ letamoMrtibe needle tha 

ng.Ba eto . 

first inflnenoe W the change of direction, aiid iKrald fai 
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needle back to ite original position. Bat bj 

the direction of the current in reference to tbe n 

and the influence is exerted to increoae th< 

towarda the east, and the force of the current ia thus doobled. 

By bending the wire again in the same manner an additioiMl 

effect ia produced ; and by numeroos reduplications of this kind 

the influence of the current may be so multiplied, that the needle 
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win be deflected by a quantity of electricity fiir too minute to 
Aare anj sensible effect i£ jaasei OT«t iJ. 'fr '^ ;-^-^!— 
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(It tnii, perbftps, render tliia multiplied action of the voltalo' 
it on the needle mure cletir if tlie same aiTuiigcment be 
I vertically, aa in fig. SI. The electric current from the 
Mitdve pole of the battery passing from the north to the aouth 
^e of tie needle, deflecta it towards the right Iwnd of a B[iea- 
r placed in the position of e, and towards the left hand of a 
ipctator at li. The »iime current on its return towards z passes 
a the south to the north pole of the needle ; but as it paasea 
I the opposite side, the return current tends further to deflect 
e needle in the same direction, and it continues to point to the 
jht hand of the spectator at e, apd to the left hand of the specte- 
ip at (f", instead of changing positions as it appears to do in fig. 80, 
hen seen on opposite sides during the passing of a single current. 
The instnimenta called galvanometers, employed for indicating 
te presence of a feeble electric current, are constnicted ou the 
r^ing principle ; and as each coil of wire that surrounds the 
fedle seems to increase the effect, it might be sup|Kmed that 
& sensitiveness of such an instrument could be indefinitely 
[tended. But there are limits to the length of the wire-coil, 
yond which the sensitiveness of the needle is diminished 
stead of being increased. For instance, the influence of the 
nduoting wire diniiniahes with its distance ^m the needle, 
I iia.t distance becomes greater and greater with each ad- 
Lonal superposed coil. With a view to increase the number 
folds of wire as much as possible without lessening the effect 
"■ increased distance, very fine wire is used ; wluch being ciire- 
lly covered with silk or cotton, tn prevent lateral conduction, 
ay be wound on a rectangular bobbin close together, having 
Space is the middle for the introduction of the magnetic needle. 
1 the galvanometers employed for the electric telegraph, it u 
y to wind round the needle about 200 yards of covered 
re sji fine as a hair. But when such a length of very fine wire 
used, the great resistance it offers to the fiBssage of the elec- 
c current operates materially against the sensitiveness of the 
iStmment, and currents of feeble intensity meet with so mnch 
in, that the quantity which passes is acaret:\y appre- 
iable ; the otherwise augmenting effect of the reduplication of the 
^le being more than counterbalanced by the increased resistance. 
As a magnetic needle when saspended horizontally, is attracted 
pmurds the north and south by the magnetism of the earth, it 
t Decesseiy, when a horizontal fdngle needle galvannmeter ia 
Qed, to place the coil in the magnetic meridian parallel to tbe 
^edle. This is inconvMUtrnt in general experiments, and the 
laibility of the iustmm'^t also ia i)iminishe&\iy ^t^ d!a«xJum« 
■ gjiM^ ■wiiidi tends lt> prCTeaat Ti^j " "*" 
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These defects nuy, hoveTV, be nmeditid hf 
vertical anpport a second magoBtiBed needle ibovei lite enl, 
its poles in & rereraed poatdon. By tiiiB meana ttw din 
tendency of the one is orercome hy tint of tiie oQmt, and 
needle remains ia a nentnl ertftte in whatever poritiaD H 

^aced. This oontnTSmM^ which was fint n^ifld far P 

Oimmung of Oamlxidge, and aftcrwanb impmirad iqNHt 
Chendier ITololi, has ^firen snbh intffeaaed weajdHnotm to 
gBlTaoometer, that it indicatea Ha preeenee of a vKy nin 
trace of a roltaio durent. 

^g. 83 represents one o£ the approved ibrma of thia kind d 
galTanonieter, which has obtained tlie nan 
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plier." A bent brass standard, n, screwed into tlie mahc^iu^ 
base, H M, serves as a support whence the magnetized needle^ 
n «, g' n', are suspended t^ a filamant of unspun silk, or 1:^ a 
human hair. Tlie coil, A A, is formed of copper wire one-dxtieth 
of an inch in diameter, and two hundred feet long, carefidly 
covered with silk.* The coil la made by folding the wire rouid 
a thin wooden frame, the top and bottom of which are about 
two inches square and half an inch apart The ends of the wire 
pass through the base, and are soldered to the binding screws, 
B B. The needlea are formed of jaeces of thin wat<£-spring, 
straightened and strongly magnetized, or fine light sewing 
needles will answer the purpose. The needles are fixed to a 
light upright support, with their poles in opposite directioDS. 
Cbe of the needles is within the coil, the other about a qnarter 
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A. I1.1PPER coll. 

an incli above it A circulnr piece of card liivideil into SflO^" 

fixed on the top of the coil, the tipper needle serving a« th» 
dex to mark the degrees of deflct-tion. Thei-e an.' screwa, not 

cl in the diagram, for adjusting the cai-d and the uee<lle« 
their pn){>er positions, and tlie instnuneut is covered with % 

shade, b e, to protect the needle from the influence of 



When it is required to examine the development of electricity, 
re made with the binding Hercws, B B, so that tht) 
COTTcnt may pass through the coil and deflect the needle. The 
Jotensi^ of the euirent is genetally estimated to be as the aiua 
«f the angle of deviation. This instrument ia so extremely 8i>a- 
utave in its indications of an electric current, that if a (bop of 
water be placed on tlie top of one of the brass binding scpewa, 
and it is touched with a zinc wire connected with the othtn' 
rew, the needle will be deflected. This galvauonietw 
specially valuable in experimentH with feeble currents of 
Toltaic electricity, which are altogether inappreciable by the 
voltameter. 

In the preceding illuatrationB of the magnetic proportieH of a 
irire conducting an electric current, the peculiarity of the phe- 
is, in some degree, masked by the intervention of tho 
needle. Other experiment* show more directly that 
die copper wire through which the current pasHCH is for Uie tiwu 
eon verted into a magnet. 

Twist three feet of covered copper wire, about the thJcknMe 
of bell-wire, round a pencil, bo as to form, when the pencil ia 
withdtawn, a hollow compact coil of wire, in form like a common 
bell-spring. Support the coil horizontally on a pivot, so that it 
may turn round freely, and let the wires at the ends dip into 
concentric cells of mercury, as reprem;nt«d in fig. W.'l, each tell 
being connected with one of the (loles 
of a voltaic battery. The instant tliat 
the current is eent through the coil, it 
will be^n to oscillate, and after a 
short time, will place itnelf in the 
magnetic meridian. If a magnet be 
brought near to either end of the coil, 
it will be attracted by onu of the potea 
and be repelled by tlie other, exactly 
in the same manner ita a Ht<M:l magnt^t 
similarly jioiBed. Ou rcvcning tho pig ta. 

connfMrting wires, «o a* tu m;iu1 the 
current through the 0"il in Uie tsintmry <lin-«tl<m, Uw i 
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of the coil, the end that before pointed to the north being thai 
directed towards the south. 

The direction in which the wire of the coil is twisted also 
influences the position of the poles. When twisted from right to 
left, the current from the copper end of the battery will impart 
diflei-ent polarity to that which a coil twisted from left to n^t 
possesses. That end of the coil at which the positive current 
is transmitted from left to right always points towards the 
north. 

If the coil be doubled on itself by continuing to twist the wire 
in the same direction over the first single spiral, the magnetic 
properties will be considerably increased. By thus folding the 
coils of wire one over the other several times, powerftJ magnetic 
effects will be produced, and by adding to the number of the 
coils, the ix)wer will be increased, until the resistance offered to 
the current by the lengthened wire counteracts the multiplying 
tendency. Tlie magnetism of such a coil is wonderftdly aug- 
mented by introducing a bar of soft iron within it. The iron 
becomes in that case powerfully magnetic the instant that 
contact is made with the voltaic battery, and the magnetism of 
the iron, as well as of the coil, ceases sJmost as instantaneously 
when the electric circuit is broken. 

The electro-magnet thus formed by surrounding a bar of soft 
iron with covered copper wire, owes its magnetic property 
entirely to the electric cuiTent that circulates round it. The 
iron seems to act as a conductor and concentrator of the force, 
and appears to bear nearly the same relation to the coil that the 
metallic coating does to the glass of a Leyden jar. It may be 
presumed that the same amount of magnetism is excited when 
the iron bar is withdrawn from the coil as when it is inserted ; 
but without it the power is diffused through the wire, and is not 
concentrated so completely at the poles. 

Iron possesses almost exclusively the peculiar property of thus 
conducting and concentrating the magnetic force. Even a steel 
bar produces scarcely any effect when introduced within the coil, 
unless the voltaic cuiTent proceeds from a combination of several 
pairs of plates; and when magnetism is thus imparted to steel, 
it does not disappear when the voltaic cii*cuit is broken, but the 
steel bar becomes a peimanent magnet. Why iron of all the 
metals should be thus peculiarly affected, and why the slight 
modification it undergoes in being converted into steel should 
produce such a change in its powers of receiving and retaining 
magnetism, are among the unsolved mysteries of science. 

A bar of soft iron bent into the shape of a horse-shoe, and 
then covered vrith. coils of copper 'srae t^aa\ft^ "vjc^ona. S^ Ssv ^<5k 
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le direction, oonstitutes an electro-magnet of the most poweiv 

kind. A stmijfht and flat piece of soft iniu, n s, anfficwutly 

g to reacL scru^ the 

1 ends of tlie hent bar, 
lattracted towards it witli 
mch more than doulJe the 
that a single bar nmg- 

Tbe cause d* the multi- 
»tdon of the force by the 
MtiOD of a connecting 
^e of aoft iron, whicli is 
lied the " keeper" or 
iflture" of the mag- 
i, has been explained in 
ib foregoing chapter to be 
{to the induction of 
jtbeiron;con- 
the attraction i 
merely 
i existing between a pig, st 

jnet and iron, but to 
B combined effects of two magnets acting on each other. For 

!, that part of the keeper in connection with the north I 
e of tJie electro-magnet has southern polarity induced in it, 
1 the opposite end becomes a north pole. Thus, during the 
le of contact, the keeper becomes a second magnet. 
An electro-nmgnet of the horse-shoe shape, half an inch in 
'er, and five inches long, with three or four Bpirals of 
i wire, of the thickneaa of bell-wire, twisrted round each 
in the same direction, and excited by only a single pair of 
I, four inches square, will lil% several pounds. 
^Rie magnetic power to be obtained by a current of electricity 
'_(■ fer esceeda what can be permanently imparted to steeL 
a deotro-magnet constructed by Mr. Joule was shown in the 
' ist Xlxhibition, capable of lifting a ton weight; and electro- 
B;netB of larger size have been made that lifted several tana. 
i inOBt powerful permanent ma.gnet in the Great Hxhlbitioa 
tighed 101 pounds, and lifted 436 pounds. 
"Though the attractive power of on electro-magnet is so enor- 
ins when the suriacee of the keeper and of the magnet are in 
Be contact, the sphere of its influence is extremely linute' 
e thickness of a sheet of jiaper introduced lietween them, m' 
' e power more than one hivU, aoA aS. 'Aift S 
my Skttractiun wift \>6 y 
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The inflnenoe of a penmment steel mngnet n 
&rtber thoti that of an eleotiro-iuagAetk The 
power decreaaes t^distanoe has not, we beliflTe, 
but there is good reason to auppoae, titat maffnob 
oheja the same law as all oenbal raduting tan 
dinuiintion u proportioned to the sqaan of the 

It to&y, indeed, appear at fint st^A imooncileaUs irib tti 
obeerred difference in the extant of the inflncnbe of 
and electro-magneta, that the ratios of 



D each; bat the seeming diaorepancy-faBidM* if we mmtm^ 
centre of attractive power to be more deoply seated in toe itetl 
which becomes permanently magnetic bf some retentire yuwm 
in its particles combiued together as a whole — than in toe siA 
iron, which acts only as a oondnctor of the mn gniriM fbcee in- 
duced in the copper wire by iiie electric ouTrenb 

Figure 85 represents one of the poles of a permanent lar 
magnet. A aimiriitig the focos of attmotum to be mtoated at e, 
a point equally distant &om the aides of the bar and fent the 
upper suT&oe, then tlie HnM ■ c, 
s, D c, drawn to &a.t oflatre^ viD \ 
show bf their ndiation the taiio ■ 
of deoreaae of tiie magnetic power 

as, if o were the centre of an ema- 
nating force, they would indicate 
its proportionate diminution of 
energy. For example : let c be one 
quarter of an inch &om the upper 
aurfaoe of the steel bar, and assume 
the attractive force at the sui&ce 
to be equal to lift one pound. Then, 
if the force diminish according to 
Fig. M. -tJie square of the distanoe, at a 

a inch from the surface, that is at twice the distance 
fi-om the centre of force, the magnet would lift a quarter trf 
a pound; at the distance of half an inch it would lift the ninth 
part of a pound ; and at the distance of three quarteis of an 
inch, that ia, at four times the distance from the centre of attmo- 
tion, it would lift one-sixteenth part of a pound. 

Let us next conaider the effect of the diminution of force 
in an electro-magnet with a similar ratio of decrease. The 
centres of attraction are assumed to be on the sur&ce, or, ftir 
the sake of calculation, one-hundredth part of an inch beneath 
it; IJie weight that the magnet wiU lift being one pound, as in 
He former case. Then, fmamming \^ raiian fA &»BnwM ^A \(b 
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e times tbe dist&nce from the surface that tlie 
lee itaelf ia fi-om any of the centres of attraction, the power 

lie reduced as before to one ounce; but the measured dis- 
B will now be less than the thirty-third part of an inch, 
»d of three quarters, for the point whence the ratio of 
Base commences is nearly on the aurfai^ of the magnet. At 
distance of three quarters of an inch the power would be 
ced to less than the five-thousandth part of a poimd. 
liB intensity of electro-magnets, or the spheres of their 
fcctiona, increases with the intensity of the yoltaac current, 
with the number of the coila of wire that surround them. 
B a bar of soft iron a quarter of an inch in diameter, covered 
I nunierouB coila of fine wire, and excited by a battery of 
ye pairs of plates, will have a greater attractive distajice 
I a bar half an inch diameter, with a fewer number of 
1 of thick wire, and excited by a single pair of large plates, 
[gh the latter magnet may sustain a heavier weight when 
aurfaces are in contact. 

i making an electro-mt^et, regard should be had to the 
iive thicknesses of the iron and of the copper wire that is to 
I the ooiL Bell-wire, number 10 gauge, is suitable for bar 

half an inch in diameter, A rod about five inches long 
tld be bent into the form of a horae-shoe, having each limb 
qua] length, and the two ends filed perfectly flat and even. 
agth of 100 feet of wire, ^~ - 

fttlly covered with cotton, 
k1 round both limba in 

same dii'ection, either 
i I%ht to left or left to 
lb, will make a magnet 
eii, when, excited by a 
lent from two pairs of 
es six inches square, will 

upwards of ^0 pounds, 
■oovenient plan of facili- 
[^ the making of the coUs 

wind the wii-e on sepa- 
{ xhort lengths of brass 
t of sufficient diameter to 
lit the iron which is in- 
ed after the coila have 
% separately mada By 

1 means the coils of wire ciy 
J be readily wound to any length that 
l^nsppavsote the coila and jnm. detached froSL 




dftsised. TVe iJiia. 
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A flhortflr length cf tUA irize -till 
■tteactiTe taree Utan a Icmg ooil of tJiiD 'win, 
nmltij^Tiiig efibct <£ the'TednpHcatum of 
■llo«s a mooh Iwger qnULti^ of elMtrimty 
of the tiiick win is, however, attended iritb 
of battery power. It is an object, in im aaoOBaiami potiit d 
view, to extend the loigth <^ the o^ M &r is pnctiufelde wiflt- 
ont diminntion of magnetio foroe, for by tltat meana an eqoil 
■mount of power ie ^ined with a feeUor muTBOt; tbe lednpUa- 
tion of the win oompenaating by ite repeated sSMb ftr flx 
diminished quantity of electiuntT' which will pAn in a fpru 
time throngh tibe gnater length c^ wirei . 

To illoBttate tibie advanfa^ gained by nnmerons OoSa of iAtt, 

IstkYtiiaiotiamaAbm 

^MfMMl ptdn of pUM 

pan Anm^ two 4to- 

tro-maignats At i^ jaaul 

together in ths Mnu d» 

otdt; A being laige sai 

ocmend witk ft finrvtfll 

of thiok win^ and B4 

amidler tmguab wiA 

numerous otUb <rf fine 

„ „ wir& The n 

"**«■ of A will bet 

feeble at the same time that B is energetically atta^ctive ; 

when connected separately with a voltaic battery of a b 

pair of plates, a may be the stronger magnet of the twa 

The greater consumption of zinc in the battery in impaitiiig 
magnetism by short coils of thick wire is indicated by the rapid 
evolution of gas in the cells when the circuit is short, oompoied 
with the action when it is transmitted through a long <^tcui(t 
though the latter may be capable of producing an eqoal effect 
by a multiplication of the coils. 

The electro-magnets used for tel^raphic purpoaea, in whidt 
great sensitiveness is required, wit£ a current very small in 
quantity but of considerable intensity, are made of iron about 
three-eighths of an inch in diameter, coiled round with nearly 
two hundred yards of extremely fine wire covered with silk. 
The keepers of these electro-magnets are attached to a dendra 
spring to force them back when the circuit is broken, and thej 
are adjusted to a distance of not more than the tenth of an incn 
from the magnet These electro-magnets work briskly through 
a circuit of upwai-da of 400 miles, with a battery oousiBting of 
JOOpturs oi* plates. 
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ELECTRO-itAONETiatt CONTISCED, 

Kftpi^t; of electTO-mBgnetic nctlim — ResidDul povsrin electro-mBjrnetB — SKniidflrT 

-urenta bj electtD-innRnellc iniiiiction — IvTediciil coil machine— Hnhinkorlrt 

, _ jl »ppanilua ; its beautiful eitiitritiun of intensitv electricity — PeenliMi hoallLiB 

«i^OtB of tbe inductive coil_Mr. Hcsrilcr'a improved Foil—Botsr; motion of 

' conducting wiiea b; tuigeDliBl actioa. 

I lapidity -with which magnetism is imparted to soft iron on 

g contact with » voltaic hatteiy, appears to be aimiiltiineous 

I ttie tranamission of the electric cuiTent. If there be any 

tardation in the effect, it is to be attributed to the reaistanoe 

If ■tite molecules of iron to receive the magnetic property from 

i transmitting wire ; for magnetism is manifested in the wire 

^0 instant that the Tolbdc circuit is completed. An apparatos 

resented in the annexed diagram is admirably calcvUated to 

V the extreme rapidity of electro- magnetic action. A short 

IT electro-magnet a is 

monnted on a wooden 

id & A piecfl of 

fised to the top, 

aerreB for the 

iment of a small 

K to the magnet, 

for the Bujiport of 

a beat hrasa arm c, 

used for tbe purpose of 

applying an adjusting 

Borew 8. The keeper 

is attached to a s]end(fr 

spring, which forces it *''^' ''''■ 

from the m^net against the screw when the voltaic cwrrent 

Ib not passing. One of the polea of the battery v is connected 

directly with the lower end of the coil-wire by tiie binding acnw 

J^and the other wire y is connected with the screw s, s^unst 

the keeper pres8e«. The arm c is insulated from tbs 

— to wliicJj tfce liee;>er is fixed by beln^ acrtweA ii 

ioiwood, aud the othrr end of the ccal of Vree v 
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by the bindiiig screw E with the keeper. By this arrangemeBi 
the electric circuit is completed through the coil, by pasamg 
through the bent arm and through the keeper, llie pomts of 
contact should have small pieces of platinum soldered to them to 
prevent corrosion of the metal, which would otherwise soon stop 
the action. 

The instant that the keeper is attracted towards the magnet^ 
its contact with the screw is broken, and the voltaic current ii 
interrupted. The magnet then ceases to act, the keeper is forced 
against the screw by the spring, and the contact being again 
renewed, the electro-magnet is brought into action as before^ 
but to be again instantsmeously demagnetized by attracting the 
keeper. It will be observed, therefore, that the circuit is broken 
every time that the keeper is attracted by the magnet, and 
renewed when forced back against the screw; and that eadi 
movement of the keeper indicates that the iron has been mag- 
netized and demagnetized. When the voltaic battery is put 
in action, the keeper of the electro-magnet is attracted and 
forced back again with a rapidity altogetibier incalculable by the 
eye, the vibrations being so rapid as to produce a humming 
sound, which is more grave and acute according to its rapidity. 
By turning the screw s, so as to bring the keeper more close to 
the electro-magnet, the rapidity of the vibrations increases with 
the increased attraction of the magnet ; and by the musical note 
thus occasioned, the \dbrations of the keeper have been esti- 
mated to exceed one thousand in a second. 

Though magnetism can be imparted and removed with this 
amazing rapidity, the amount of magnetic power is in such cases 
by uo means equal to that which the electro-magnet exerts when 
the contact is of longer duration. Only a given quantity of 
electricity can be excited by the battery in a given time; and 
assuming that it requires chemical action to be continued one- 
tenth of a second to obtain the full power of the battery, when 
the contact is made and broken more frequently than the tenth 
pai-t of a second, the quantity of electricity that passes is very 
considerably less. It appears, indeed, from the result of nimie- 
rous experiments on this subject made by the author, that the full 
effect of an electro-magnet, with a coil of thirty yards of thick wire 
cannot be obtained more frequently thaji four times in a second 

When the keeper of a horse-shoe electro-magnet is in contact 
with the two poles, some magnetic power is retained after the 
contact is broken ; and to prevent the continuance of the in- 
duced magnetism it is requisite to interpose a piece of card or 
thin leather, so that the keeper and the magnet may not touch 
each other. Besides this retention, oi ina.^ei\AaTsi\y3 ^^ck&Ys^^Rst^ 



S electro-magnet itself retains ite power for a short time, if the 
" Hoft iron be above tliree nr four inches long ; therefore, to 
! rapid action, it is desirable that the h'On round wljjcli the 
8 coiled should be aa short as possibla 
The effect of secondary currents of electricity was Boon fonnd 
' be greatly augmented by the aid of electro-magneta The 
[troduction of a bar of soft iron within the coil of the wire, 
(rough which the electric current waa trauHmitted, waa found 
ise in a marvellous manner the force of the shock in- 
1 the second coil of fine wire wound round it. The 

s still further increased by introducing within the coil 

bundle of fine iron wires instead of the solid bar. The mag- 
3 attraction of the iron bar also fncilitated the means of 
ing and breaking contact with the battery. The self-acting 
ethod of breaking contact represented in fig. 89, has been 
){)]ied with great xdvantagc for that purpose, and a very useful 
paratus for medical purposes has been constructed on this 
jnciple. In the accompanying woodcut the horizontal cylinder 
[HKaents the coils of wire ; the inner one being as thick aa bell- 
tre, and twenty yards long, and the outer coil consisting of 
', hundred yards of fine covered wire. The inner and 
' i twisted round a hollow core into which the 




tndlc of iron wires can be introduced. The contact-breaker is 
metimea applied at one end of the coil, and each time that 
mtact ii3 broken, a aecondary cmreiit is iuduceil through the 
In the form ti£ the apparatua ahowu B.\«yfe 'I^iW£«l^s 
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breakiiig contact BnBslmndleBaroMddeRtdiaiherendftOftti 
seoond wire to incraaae the sur&oe oontaot iribten gnsped lijliii 
handsy or oonducting-p]ateB are need when the ele otricity a 
transmitted through ouieir parts of the body; The makiiig and 
breaking contact by the self-acting Tibrationa of the keemr, 
produce a ra^ad succession of shodks, the stnngtib, and mpaif 
of wMch may be regukted by the adjusting screw. 

The strength of the shock giyeu hy an apparatus of tkb kinl ' 
with a Smee's battery of only a pair of smou plates^ ia stroBger 
than most persons would like to receive. To z^p^olate & 
strength of tiie shock, several means have been eomtrEved, Iht 
withdrawal of the bundle of wires from the inner ooil gicatly 
diminishes the efifeci This method is generalty adopted ftr 
r^ulating the shock, and tibie difierenoe oooptfdoned hy the pr^ 
sence of the wires on the dlectricity induced, aflonb a good 
illustration of the influence of magnetuam in prodneing ikb 
effect. In the medical coil apparatus^ as sometiiiiea made^ a 
small tube containing water is interposed in the aeooadaiT 
current^ and the strength of the shook is regulated by a meU 
plunger which increases or diminishes the water sjpaoe throa|^ 
which the induced current has to pass. 

A more powerful apparatus of this kind, in which greater 
attention is paid to insulation, has been constructed by H. 
Ruhmkorff of Paris, which exhibits the effects of induced electri- 
city in a remarkable measure, and serves to identify completely 
the electricity excited in secondary currents by the voltaic 
battery with the electricity excited by Motion. 

Kuhmkorff's induction coil apparatus of the largest siae con- 
sists of a primary coil fifteen inches long, containing about eighty 
yards of stout covered wire in 400 convolutions. This coil is 
covered with several folds of varnished silk to insulate it from 
the coil of fine wire in which the secondaiy current is excited. 
It has been found an improvement to increase the insulation by 
enclosing the primary coH in a gla^ tube. The fine wire used 
by M. Ruhmkorff is one-hundredth part of an inch in diameter, 
and he employs usually six thousand yards of it well covered with 
silk and varnished. The contact-breaker is of the kind shown in 
fig. 89, the points of contact being made of thick platinum. At 
the recommendation of M. Fizeau a large conducting sur&oe, 
consisting of several square feet of tin foil pasted on each side of 
varnished silk, is connected with each of the wires through which 
the voltaic current is transmitted. By this means the effect is 
greatly increased, as a more powerful battery may be used 
without injury to the platinum sur&ces of the contact-breaker. 

When an apparatus of this kind ^«02Qwdasw^-wjft5Sa.v 



&rauRoi(FFa coil. 



c battery of three or four cells, torrents of electricity in a 
I state of mtcnaity are evolved throngh the secondiuy wire. 
I the two Buds of the wire are brought within the eighth 
•D inoh together, a constant succession of bright Hyjoi'ks [mss 
VGHD. them, and when placed under the receiver of an air 
ip, rapid dischargea take place when the wires are five 
lee apart. The phenomena exhibited by an apparatus of 
B kind, when in an exhausted receiver, are among the most 
iratifol in the range of electrical experiments. The floods of 
3 light, accompanied by corruscations of light of different 
8 that stream Irom the ends of the secondary wires, are of 
! character as, though much more brilliant than, the 
f light that pass through an exhausted tube when con- 
d with the prime conductor of a [Kiwerful electrical machine, 
3%e following is the account of an experiment with a 
hoiktn^s coil apparatus of the largest kind, as given by Mr. 
"aot:" — " I coated about two-thirds of the inside of a Berlin 
» beaker of four inches deep by two inches wide with tin 
,, leaving about 1 "5 inch of the upj)er portion uncoated. On 
I plate of the air ]>iunp I placed a glass plate, and on it the 
I beaker; covering the whole witli an open-mouthed glass 
iver, oif which was placed a brass plate having a thick wire 
a^ through collars of leather. The jtortion of this wii-e 
lin the receiver was enclosed in an open glass tube. One 
I of the secondaiy coil was attached to the wire, and the other 
" e plate of the air pump. As the vacuum improves, the effect 
oly surprising. At first a faint clear blue light appears to 
I from the lower part of tlie beaker to the plate. This 
Uy becomes brighter, till by slow degrees it rises, increaa- 
1 brilliancy, until it arrives at that part which is opposite, 
on a line with, the inner coating; the whole being intensely 
moinated. The discharge then commences trom the inside of 
I beaker to the plat« of the air pump in minute but diffused 
f blue light. Continuing the exhaustion, at last the 
takes place in the form of a continuous stream, ovei-- 
g the vessel as if the electric fluid was itself a material 
over. When first witnessed it appears at the 
,t impossible to divest the mind of such a conclusion." 
the curious &ct was also remarked by Mr. Gnssiot that when 
ontinikous discharge of electricity is passing between the ends 
Ae secondary coil, when brought within an eighth of an inch 
each other undfir atmospheric pressure, the negative one 
is red hot, whilst the other remains cool, aud on reversing 
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the poles of the battery, the wire ivhieh wm Mbn.kdt mtHk] 
diatdy ooolfl, and the oilier wife, idiich is then ncgKli^ 
red hot IliiB appeaianoe of heet at the negative wm di] 
secondaiy current is, it wiU be observed, eontnuy toirhai otMl 
when a current direetlj transmitted fitxm the voiltsio bfttteiy,ftr 
in that case it is the positive wire that is heated, and the n^guii 
one that remains cooL 

Great improvements have been made in the indnotioiL cd 
apparatus by Mr. Hearder of Flymoath. "By OBarelbl jiMmlstir 
of the wires, he has obtained more poweifal xemhi tbaa tkM 
from RuhmkorfiTs coil, with considerably ahorter lengAt rf 
wire. The length of the secondary wire of the iBirgetA of&iiuft' 
korffs apparatus is, we believe, ten miles; whilst that in Hfi 
Hearder's is less theoi three miles. We have been fiivomnd \f 
Mr. Hearder with the following account of some of the natnmA- 
ing effects produced by this improved indaetion appantna B 
gives spar!^ between tiie terminals nearly three inoheB long it 
free air, with a battery of twelve nitric aod oells; and thrn^^ 
the flame of alcohol the sparks are ei|^t inches long. Bin 
single terminal gives sparks somuetimes more than an inch k 
lengtL Both terminals become white hot when broiiij^t ahosfc 
one-third of an inch from each other, and when ooim#oeed of fins 
platinum wire both melt into globules; whilst with Rahmkoifili 
machine the negative terminal alone becomes red hot In aa 
exhausted receiver three feet long, a splendid ribbon of li^^t is 
produced, bright in the centre, and surrounded by a magnifloent 
crimson light shading off into violet and purpla Mr. Hearder 
observes : — " I have a vast deal of new matter which is not ye* 
prepared for publication, touching the real static condition of 
the terminals, and the character of the current; if, indeed, it is 
a current at all, as I can produce most extraordinary effects 
under circumstances which preclude the possibility of the tranft* 
mission of any current whatever. The effects of the inductkm 
machine are the most complicated and perplexing that I have 
ever studied. I should mention that my battery is a modifica- 
tion of Grove's, only I use a saturated solution of muriate of 
ammonia instead of sulphuric acid for the zinc; this dispenses 
with amalgamation, and is in every respect equally powerful" 

Eeverting to the deflective action of a conducting wire on a 
magnetic needle, it will be observed that the action is a tangen- 
tial one; that is, the direction of the force is at right angles to 
the diameter of the wire. One pole of the needle is deflected to 
the right hand, the other pole to the left hand; and on whatever 
side of the wire the needle is placed, the same effects take place. 
Tbu8^ if the conducting wire were Barto\xn.^«A '^-' - ^xosfiMsc <!£ 



A needles ranged parallel to it, they would be all deflected 

e same maaDer, evidently ebowiug that the deflecting force 

a tangentially at eveiy point of the cirouiaference of tliu wire. 

e tendency of this force acting t«ngentially on all parts of the 

" rence of the conducting wires in the same direction ia 
cause a rotation of the wire on its axis, and to comninnicate 

I in the opposite direction to the magnets within its in- 

r, by the force of reaction. 
iFaraday, who was the first to take this view of the character 
i tendency of the electro-magnetic force, succeeded in illua- 

f it moat satiflfectorily by experiment To do this, it was 

remove the counteraction of one of the poles of the 

1 the other; for as the south pole of a magnet is 
iected in the opposite direction to that of the north pole, the 
itrary forces, when allowed to operate, completely neutralize 
h other. 

The simplest arrangement for producing the rotation of a 
pet is that shown in fig, 91. Into the 
r a wooden cup, a, made to contain 
ia inserted a wire, d, to which a bar 
j attached by a thread. When the 
led with mei'cury, the steel magnet 
tg the lighter riseB to the top, and is retained 
» npright positiou by the thread A thick 
i, c, connected with the posdtive pole of a 
&1C arrangement, dips into the mercury, hut 
DSulated from it by being covered with gutta 
la or vamiahed cotton, excepting at the end. 
D a voltaic current is transmitted through 
conducting wire, it influences the north polo 
the magnet, hut after communicating with 
mrawiry, it is so diffused that the south " 

! not aflected. By this means the tan- - , 

1 force with which the induced magnet- Fig.eL 

i. in the conducting wire acts on the north 

not eoimteracted, and the magnet being tres to move in 
ir direction, begins to rotate round the conducting wire. 
IS shows another form of apparatus for illustrating thia 
uu^ble phenomenon. Two long but light magnets, N a, »■ s", 
fixed into a circular piece of wood, D, which rests on a pivot, 
OB to turn round easily. The conducting wire, c, from the 
fwr end of the battery, dips into a cup of mercury in the 
W, and by means of mercurial connecti'.m the electric current 
Donducted through tlie wire K t<i the nejfjitwB tsai, -wSSawiS. ^ 




»1 

vith the h&ttery being completed, the magaetB rotate (te^ 
round the conducting wire in the direction &oia left to ti^ 
tike the hands of a watch. On reveraing the battery conneo- 
tions, so that the positive current may enter at z and return up 





tho wire to e, the direction of the rotation is changed. A similar 
oluiiigi.' in the direction of the motion also occura when the poU' 
lii'U i>f the {Kilcs of the magnets is reversed. 

'V\iv ivtfttiou of a bar mt^net on its own axis may be effected 
U\ ;iii iirraugeinent similar in principle to the fort»oing. The 
.viiniviiiK'i' origimUly proposed by M. AmpJre is & simplest 
I'lu' iiiiijjin't, !« (fig. 93), is allowed to float in mercury, being 
kiiH ill a vortical position by a weight of platinum; and the 
I, li.ni ol' lilt' t'lft-tric cuiTent is confined to one pole of the mag- 
.,,1 y>\ iu-mliitius tliii conducting wire, fl, with the exception of 
■„.. ,11,1. :oid iiitn«liidiig it vertically into the mercury to the 
„ -.ii ,■!' half till- niiifiui't. Another wire connected with the 
, .,.,ii.' ]^•ll■ of tim lNitt*'iy just dips into the mercuiy to com- 
., lu- .-iivuit. 'I'lic 11 n interaction that would otherwise occur 
1.- .-.Iwi- i-iilo is tlius prevented, and the magnet rotates 
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tioD of elsotridty br mignHtwm — Maltipli cation nf eStnU bj inetion — Mignibr- 
Mrtric machineB : thui powerful efletU — Slapielo-oloctric BpBrk — Dorampmition 
majcneto-elMCndtj— CoTTelilioniifniignctlDsndelMtTicfaimi — DivefapniDal 
elMtricitybj beat— Lilt nf thernia-electrica — Tlieima-electrrc ba(t«H«— liiiU- 
Hotia ot temperUure br thenoo-olectritity — Aniingl oltclrioiljr— Elortriotl 
__^ns of Hie torpedo — Identity of animal and voltaic eleflridl)'— Klectricul 
|>o*rer of the grmnntos — CoDncction between nervoiu iofuence and electricit}'. 

intiinate rel&tion which subsists betweeo plmtridfy nnd 
itinm as eseniplified in the induction of nii^u-tiMui liy a 
haic current, is still fitrther manifeHted hy thn iniluction of 
ctridty by magnetism. It was, indeed, at once infifTwi tliat 
all electric cuzrenta ftra accompftnied hy tho excitA^on of 
netic properties, there would be a reciprocal rxcitnti'in of 
laical power by magnets. The Terificatinn nf this mfn«ne« 
le among the many fact« for which «l«otnc wntmu: in iiid«bt(Ml 
Dr. Farftday. 
^~^e simplest mode of indocing electricity hy magnetic action 
y an arraDgemeDt of permaneul magncU and an electm-mag- 
b, shown in the diagram. 
IVo long permanent bar magoeim, K R, « «, »n p)ac»l in th« 
iner repiesent^d, with tbetr oppoMtc pnlc* jmnol at titm ntut 
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nometer wiU not indioote any tnuse of dbetBflitj 
that contact is broken, a cnnent of eleetricElif is indnoed in tti^ 
ooil of wire, and the galvanometeir is Strang defleoied. Tk 
eflfect is, however, only instantaneous, and thie needle^ after • 
few Tibrations, returns to its noimal pooituni. Qa mddag 
contact again, the galvanometer is ag^in deflected ; bat the de- 
flection is in the contrary direction to that on brealdiig conotact 
The electricity thus excited is in all respeota Hke ibat of il» 
secondary currents induced on mating and breaking ooiitMt 
with a voltaic battery. The more suddenly oontaot is made and 
broken, by jerking away either of the ma§pEieii^ the more powp 
fully is the galvanometer deflected. 

llie current of electrieily induced by the azTaaganent afaewa 
in flg. 94, is very smaU in quantity, even when the moat powe^ 
magnets are employed; but tiie further reaeagbhea of Amdij 
led to the discovery of new modes of actum, by wbidi the oia^ 
rent may be prodigiously increased, and all the effeota of a 
powerful voltaic bc^tery, either of high intenaity or of gMk 
quantity, may be produced by permanent magneta whhost aij 
battery whatever. 

Faraday was stimulated to his investigationa on this aoljesk 
by the remarkable phenomenon observed by 1£ Asago^ of the 
induction of magnetism by motion in substancee not otherwise 
magnetic. The French philosopher discovered, that if a ooippex 
disc be revolved close to a magnetic needle the needle is deflected. 
He also ascertained, that when a magnet is sui^nded, so that it 
may rotate in a plane parallel to ^t of the disc, when the 
disc revolves the magnet tends to follow its motion, or if ihe 
magnet be rotated the disc tends to follow it. The influence to 
motion in these cases is so strong, that magnets or discs of many 
pounds weight may be thus carri^ round. This effect, M. Arago 
stated, not only takes place with metals, but with all substances, 
solid or liquid, and even with gases. It must be observed, how- 
ever, that in repeating these experiments, neither Mr. Babbage, 
Sir John Herschel, nor Dr. Faraday was able to produce ^e 
effect with any substances that were ndt very good conductors 
of electricity. 

The experiments conducted by Faraday with the view of eluci- 
dating these phenomena, led him to the conclusion that when- 
ever a metallic body is put in motion close to a magnet, a current 
of eloetricity is induced, which ceases the instant that the motion 
coaHt^s. As the movement of any metallic body, such as a disc 
of copper, in close proximity to the poles of a permanent magnet 
was found to induce a temporary electric current in ihe metal, 
J^umin/ inferred that the effect wo\ti4\)eis)ffit^»iai^Si^\iaj^fiad<iCa 
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^^^^m luctTCTo-ixEc-rBic machine. ^^H 

!Br£sc, a coil of covered copper wire roimd a bar of soft itou 
e use^ This was tried with most eatisfactoiy results; and 
er electridans have applied the principle to the constructiou 
magneto-electric machines, that eseite torrenta of electricity 
the rapid rotation, close to the pules of a ]>owertul permanent 
gaet, of a piece of solt Iron surrounded by coils of covered 
merwira 

?%. 95 represents one of these magneto-electric marluuAB. 
Wwerfnl compound permanent horse-ahoe magnet a (composed 
lereral thin platM of steel separately magnetized and bound 
ether), is ftxetl in a horizontal position. The soft iron covered 
h copper wire c d, by the rotation of which the electricl^ ia 
aoed, resembles a horse-ahoe electro-magnet ; bnt instead of 
Etg & bent bar of soft iron, it is made of two short straight bars 
Bected together by a. cross piece of soft iron. This form ia 
pted because it facilitat«s the winding of the numerous coils 
trire, and is more convenient for the meclianical arrangementn. 
len intensity effects are required to be produced, the iron of 
rotating electro-magnet, called the armature, is of onall 
meter, and about liileen hundred yards of very fine insulated 
e are coiled round both limbs. When quantity effects are 
ited, the armature is made of iron of grraiter diameter, and the 
!ia but one-tenth thelength, and ia of the thickness of bell-wire. 
"ha armature is fise<l ou to a apin<ile iittoched to a tniuiU 
DVed wheel that is worked by a fcond over a larger wheel, by 
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liilliii luimlinii in rlagnljinjinnnihlnfTi iritlirint ■rtiiallj 
tlie poles of the magnet^ altenMtfce c um mtai rf ijoytim and 
tive dectiicitj are tranmiittod. AmmgementB sve made^ flSftir 
by pfojectiiig pointB dippiiig Into meiniiiy, or by 'y'^gf jM M i^ 
on interrapftod oollais dt metel, finr bmaking tbe ebeoit of fli 
-wire coil the instant tbat the two ends of tlie annataie oqbi 
opposite the poles of tiie magnet; bj which mouui tiie roMi^ 
electro-niagnet becomes magnetuBed and denui^pietiaed twkeia 
eyeiy levolutiony and at ead^ break in the eircnit a emraidt 
induced electricity is transmitted through the ooiL 

When the armatore with the long oml of fine wixe n vse^a 
snccession of very severe shocks may be reoeived, om jmhi m i mm A 
cation being made between the wires by grasping two eQcidnDla|| 
metal cylinders. The decomposition of water, and of aH eoii* 
pound bodies that are deconqwsBhle by voUaio eietitnalj, mm 
also be effected, and a rapid conrent of most brilliaiDt spaiks m 
emitted at the points when contact is broken. With the ana- 
ture of thicker and shorter wire, the metals maybe ignited^ anl 
all such effects can be produced as may be obtained fiom a 
voltaic combination of a few laige-Bised pktea The 8pazk% oa 
breaking contact, are also brighter, but no shock is given by tho 
quantity aimatureu 

Good contact is essential to the success of all experiments in 
electro-magnetism, and to insure it, it is customary to amalga- 
mate the connecting points with mercury, which may be readify 
done by applying a drop of nitric acid to the terminal copper 
wires, and then rubbing a globule of the mercury over the part 
This is particularly requisite when mercury is employed in con- 
nection with one of the poles. The liquid metal is, however, 
apt to be thrown about, and it is attended with other incon- 
veniences. When solid points of contact are employed, they 
should consist of platinum. With the other metals, the ignition 
of small particles by the secondary current on mstlnng and 
breaking contact, forms an oxide of the metal on the points, 
which, after a short time, interrupts the electric circuit; but 
platinum, being the most incorrodible of the metals, is not so 
liable to have its surfaces oxidized. 

The quantity of electricity induced by magnetism is propor- 
tionate to the power of the magnets employed. In a very large 
and powerful magneto-electric»l machine constructed by Mr. 
Clarke, the magnet haUery consists of 106 cast steel bars, each 
four feet long, and when combined, weighs 156 pounds. With 
this machine, a cubic inch of gas from the decomposition of 
water is evolved in one minute and a-half, the shocks are too 
powerfvd to be received without dang<st) «jv<i \)i[L<^ ^5^«c^s^ ^^R^sa 
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B quEuitity aiTnatare is Tiaed, are accompanied with a 
Apping noise like the discltarge of a Leyden jar. 
The indnotion of electricity by magnetism alone seems to open 
exhaoetleas source for the supjily of electric force -without the 
abla, the annoyance, and the coat of voltaic batteries ; but 
^eito it has not been of much avail. The labour of turning 
■wheel for the rapid rotation of the armatures, and the irre- 
iritj" in the tbrce consequent on irregularity of mechanical 
jon, are sei-ioua drawbacks to the use of magneto-electric 
i the generators of electricity for experimental piir- 
an economical means of exciting electricity for 
ictro-plating, it was at one time thought to promise great 
nuitage. A patent was obtained for the application of 
Ijaoto-electricitj to that purpose, and Messrs. Elkington con- 
lOted at their works in Biiminghajn a very large machine to be 
rkod by st«am power ; but it was not found^to answer so well 
voltaic electricity, in consequence of the want of continuity 
steadineaa in the electric current produced. Magneto- 
rioity has also been applied by Mr. Henley to work a 
sdle tdegraph with very good effect, as will be subsequently 
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e mutual transmutation of the two forces into one another 
vea, in the strongest possible nmnner, the intimate connection, 
lOt the identity, of electricity and magnetism, though mani- 
«d in so many diiferent ways. This peculiar transmutable 
36 is seen at one moment exerting limited though energetic 
n steel and iron alone ; at another, it is operating on 
lapound substancra of every kind, separating their elements 
ita the most intimate combinations; again, we see it emitting 
iA that rivals the aim in brightness ; now it ia carrying 
htning'messagea through hundreds of miles of wire, rather 
I force its way through a gossamer web ; and yet, again, 
see the same force dealing destruction in its course, as it 
1b a passage through the air from the clouds to the earth. 
The development of heat being a characteristic phenomenon 
n. electric current, it was inferred tliat heat was also capable 
sveloping electricity. The satistiictoryproof of this inference 
dnsto Professor Beebeck, of Berlin ; and though this iutereat- 
jbmnch of electric science has yet made no important progreas, 
EiHjieiit has been done tc prove that heat, electricity, and mag- 
tism, are correlative forces. 
AH that is necessary for the development of thermo-electricity 
ilo heat any metallic body irregularly at its ex.tvfcmit\e&. "^W 
^ectric relations of met^s have not, a» ai, ^nwen&ft 
with their relative voVteic ot s 
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properties. In the following list the combinatiosi of the mefeab 
at the two extremes produces the st^ngest eledzical efiectB, the 
effect of the intermediate metals in the series iJiininTwliing as thej 
approach Those at the top of the list, oommencing with galeiMS 
are positiTe to all below. 

1. Galena. 6. Tin. 18. Zmo. 

8. Bismuth. 7. Lead. 18. Iron. 

8. Mercury. 8. Brass. 14. ArBenic. 

4^ Platinum. 9. Gold. 1& Antimonj. 

6. Manganese. 10. Copper. 

11. Silver. 

The arrangement shown in the annexed diagram represenis a 
simple thermo-electric circuit that exhibits the phenomena in 

a Tery satisfiBU^ry manner. The leo- 
tangle b d represents a firame of metal; 
the rectangular bar B c D being of Ihs- 
muth, soldered at the comers B and D 
to a similar rectangular bar of anti- 
mony. A magnetic needle M is poised 
in the centre, and the whole is sop- 
ported on an eleYating stand. On 
applying heat to either of the oomen 
B or D the magnetic needle is imme- 
diately deflected, thus indicating that 
Fig. JJfi. an electric current is passing through 

the bai'S. The quantity of electricity excited is, to a certain 
}H>int, proj)ortionate to the different degrees of temperature com- 
luunicated to different parts of the same metallic bar, and does 
not depend on the absolute heat. Thus the application of ice will 
pnxluce an electric current as well as the application of heat ; 
and by applying ice to one comer and the flame of a spirit-lamp 
to the other at the same time, the effect is greatly increased. 

The intensity of the thenno-electric current from a single 
I'iivuit is extn>mely feeble, and is altogether impeded even by 
a sliort length of fine wire ; but it may be greatly increased by 
uiulti plying tlie series, as in the voltaic pile. With a series of 
\ ory sliort and thin bai-s of bismuth and antimony, having their 
aUoriiato ends soldered together, and insulated from each other 
t\\ piivos of thick jvaper, a very delicate thermometer may be 
v\Mi-.iriu*t«.\l, which indicates by the deflection of the gaJva- 
lu'iiu'ior iiotHlle, variations of temperature much too minute to 
*\" u»pi\vi;itiH.l by any other indicator of heat. 

l«\ muliiplioatiou of the series sparks have been produced, 
I'L I . !\vtt\» maguotic efl'ects have been obtained. A vivid spark 
u.t. »iiritr<i by Chevalier Antmoxi of EloT^iicft, on. breaking 
- ■''<.<. I . .uid I'rofeasor W\ieatatone svicc^^^^^^^^^^^ Y^b^jai^ft^ Hk«. 




AKIUAL ELECTRICETY. ^^^H 

Xperiment. He used a, tbenno-'batt^iy of thirty pain of Tns- 
mth and antimony, packed into a cyliu<Irical bundlu 1'3 iock 
ing and three-quartera of an inch iii diainetex, with a coil of 
dated copper ribbon 50 feet long and IJ inch broad. Mr, 
Vatkiiis, by using a thermo-electric battery of thirty pairs, each 
late being I'J iuoh square and 0-33 incli thick, and heating one 
md of the arrangement with a hot iron, whikt the other was 
xpt cool with ice, succeeded in ejcciting an electro- magnet to 
uofa an extent aa to support a weight of ninety-eight pounds.* 

M. Melloni and Professor Forbes made vaJuable use of themio- 
Sectricity in their re§earchea into tlie nature of heat, as it 
iflbrds the most delicate means of detecting variations of tern- 
Krature. The apparatus of Professor Forbes is represented in 
ig. 97, The thermo-electric battery a, mounted on its stand, con- 
iista of thirty-sis alter- ^ 

Mtions of bismuth and 
intimonyin very short 
ud thin bar8,com)ect- 
)A at their enda, but 
nsulattKl latenilly by 
^^ The terminal 

elements of the bat- 
Itery are produced at c, 
to whidi thick copper 
I connected with 
the galvanometer a 
are attached. In hid 
esperimeuts the de^ 
flections of the ueedJe were esamineU tlirouyh a microicope, » I 
that the least movement might be obiierv'ed. The inatrumnnt | 
is so sensitive in iU indications that tlie approach of the haiii) ' 
towards tJie end of the battery produces a deflection of kvl-tb] | 
d^rees. 

Another source of electricity — the lawt we have to nntic*^— 
is derived trom the or^nizatiun of living aninwUik Th«re are | 
several fishcH which potmeM the jKtwer of giving <-I«Aricnl idiocksj 
fant those best known in this country are thv UjrfK^ aud th» 
gymuotus. The former ia ftnuid in tlM^ McditermucMi, and akmf I 
the dhores of France uul the louth of KngUiid. It is a mixiai of J 
Tuy. The electrical cirgua iUi on twch ndu of the iund, aiu a 
of a great number of bfiXWooal pri<iu«, with thisir hasea liiit^mi ^ 
to one eide of the Aih and their apicoi to tin! other. Upwiutli 
uf one thooaand of time ftuam Lave btmi countM) ia a nn^ 
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organ. The pcjver of communicating shocks dependa 
on the nervea of the fiah, for its heart may be taken out with 
dimioishing the effect ; but the instAut that the nervm | 
divided, the electrical power is loat The back and the 1 
are in opposite Btat-es of electricity, that of the back I 
positive, and that of the belly negative ; and to receive a 4 
it is necessaty to m,tke a comm.uuii7Htion between theni. 

The eccompanying figure shows the fiah with part of the d 
tamed over, so aa to expose the right electric organ, wliieh jiw- 
Bents the appearance of a honeycomb. The mouth is shown fit 
d ; the ten bronchiaJ apertures at e e : // the outer maiT^D 'it 
great lateral &a; y g two smaller tiiip, and h tlie tail Ho. 




Fig. M. 
The electrical properties of tfie gymriatuR, or floctriciil eel. iire 
better known than those of the torf>edo, because some living 
specimens exhibited in London, first in the Adelaide Gallery, 
and afterwards in the Polytechnic Institution, have enabled 
Faraday and other electricians to make esjicrimenfa with the 
electricity evolved. The electrical organs ai* arranged from the 
head of the fish to the tail on ea^h aide of the spine, like a voltde 
battery ; the end near the head being posiHve, and the tail 
negative. The whole power of this living battery is e 
when connection is made between the head and the tail; 
the commnnioation he made between any intermediate parta, fl 
effect is (liminiBhed in the same degree as in a volfMc batti'' 
under similar circumstances. On putting small live finh t 
the water with the gymnotiis, the latter fonned itself ii ' 
circle encJosing the tish, and sent a rfuiT^e. ttaou.^ tlxe ^ 
yi-Juch instantly stunned its ■prey. "WVea ft\e ■WsA -i 
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inm magnetia An ■ttiipfciw — Je to titfawihi iiie jfti^ 
of the appaniofli, and ihoqg^ Hm WMpiiiU Bii to imn noli rmf 
satiflfiictQrj, Faraday was led to eondbide tiiaifc • mo^ nwdim 
diachaige of the gynmotnB is at leaat eqiial to » Leyden batteiy 
of fifteen jara oontaining g^gPO wqwue iadw cf i^aiai^ owitod m. 
both aidea and hi^ j ohaiged. 

The eiectrioal eel experimented irith waa ioK^ faahaa IsK 
1>ut it is found in the nran and UoeK of Yenamilft rix ftafcv 
length. Honea thatyeotue into th« poula mhmm %m.gmamm 
abounds, are stunned bj their ahoda and a>a oAen csownBi 
Humboldt mentions that on one oooaaion he witneawd aboat 
thirty horses and mules driyen into a pool ooaqiied bj mi?*^^— 
of gymnotiy whieh glided under the beHiea of tiie ™™**J« and 
discharged throu^ them most violent and vepeatod A^^^lnt, His 
horses, oonvulsed and terrified, their manea ecMt^ and liieir ejei 
staring with pain and anguish, inade imavaiUng flbiig^ai to enqpa 
The electrical energy of the eehf, howefyer, beoame eKhanafced in 
less than a quarter of an hour, and thoee bofwa tiiat had eoor 
trived to keep above water during the attadc re c o ver a d . 

The power of developing electrieiiy miean to be limited to 
about eight genera of the known fiahoB. Frogs and aome other 
animals of low organization are peouliaiiy sensitiva to the in* 
fluence of electricity, but it is very questionable whether thej 
possess any voluntary power of its development. The experi- 
ment of the convulsion of the limb of a dead frig by TnnlriTig a 
communication between a muscle of the leg and a nerve, whidi 
has been adduced as a proof of the electricily of frogs, is alto- 
gether distinct from that control of the eleotrioal power which 
is exercised by the torpedo and gymnotus. 

That there exists some intimate connection between nervous 
influence and electricity, there is little doubt. Many attempts 
have been made, and with some success, to prove that the human 
body generates electricity ; and we have heard it publicly asserted, 
and maintained by ingenious arguments, that tbe lungs are gal- 
vanic batteries which are constantly generating vast supplies of 
the electric fluid, which are conveyed by the nerves to the brain, 
and thence distributed to the whole nervous system to stimulate 
the vital functions. Dr. Golding Bird affirms, that '4t is quite 
indisputable that the human body is always in an electric state, 
but of the feeblest tension, never exceeding that evolved by the 
contact of a plate of zinc with a plate of copper. It increases 
with the irritability of the person, and appears to be greater in 
the eveni^ than in the morning, and disappearing adtogether 
in very cold weather." * 

• Ekm&nU of Naltiral PliUDtophy. 



It appears to be oertejn that electricity eserts 
1 the gennmation of seeda, though the experiments hitherto 
a this aubject have led to no aatiafaetoiy results. During 
e progress of ve^tation, and in all the chemical changes titab 
i ever taking place in living bodies, there is no doubt that 
blectricity exerts a powerful influence though its operations 
inot be perceived. So f ar aa regards the electricity of platita, 
ifessor Buff haa recently ai^certained by a series of exjieri- 
mtB, that the roots and all the interior portions of plants filhtd 
rith sap are in a pennftnently negative electrical condition, 
■ ■' t tlie moist BiirfaceB of the freah branches, leaves, flowem, 
md fruita are permanently positive. He sooceeded alw in 
forming with twelve sappy leaves a feeble voltaic battery, eqoal 
a tension to half that of a pair of zinc and copper plates, 

he mysterious connection which is known to xubnat 

T lietwGen electricity and the nervous Bystem, it seems but a irt«p 

io attribute the influence of the imagination, and of otlinr aXt/O' 

I tioDS of the mind, to electrical causes. On this siimKMiitioti ia 

^ibunded the belief in mesmerism ; wliich astninit'S tliat an in- 

able electric fluid may be emitted by the jKtwer of ndll fnim 

le fingei^ends of the ojieniWr, and be transfLised into the f^atein 

f the patient. It is not our intention to etiUn- tliat iletntaVte 

Tound ; we allude to the subject only as it is one of tbe roost 

gBotable forms in which the prei'ailiug opinion of the iiiJln«iic« 

r an electric fliiid on the vital functions lias clotboil itawU^ It 

B a deeply interesting qaestion, howCTcr, whirh still n-inaiiui to 

proved, whether the mine fnrce wbiirh, iliflerr^itly nuiAtSiiA, 

>duces electricity, magut-tism, aiul lirat, is aW^ %n Iw i(tei)ti&Ml 

U Hie inunedi^ stiuiuliu t<f viuUty. 
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CHAPTER XIX. 

ECONOMICAL APPARATUS. 

Simple form of Apparatus for frictional electridty — Direetioos for eoDstraetiDg dee- 
tncal machines — Leyden jars and batteries — Electrometers — Electro^Mns— 
Universal discharger — Voltaic batteries — Electro-magnets — GalwaiiomflUfB— 
Observations on exciting liquids for voltaic batteries. 

There are many students strongly inclined to explore the 
attractive regions of electric science, whose researches mi^t 
add greatly to the stock of knowledge, and tend to the elucida- 
tion of the mysteries in which the relations of electricity to 
other forces and to the vital principle are shrouded ; but they 
are deterred from advancing by the cost of the necessary appa- 
ratus. We propose, therefore, to assist in removing this obstacle, 
by giving hints for the construction of apparatus, which any one 
possessed of a certain degree of mechanical skill can put together 
himself. 

Everything that is absolutely necessary for exhibiting the 
phenomena of frictional electricity may be provided at the cost 
of a few shillings, when no great amount of electrical force is 
required. The author, when a boy, made and experimented 
with an apparatus of the very simplest kind. His first exciter 
of electricity was a long bottle of the same shape as those in 
which eau-de-Cologne was contained, but wider and larger. A 
piece of black silk, on which a little aurum musivum was 
spread, served for the rubber ; and with this bottle, after it had 
been well dried before the fire, an energetic excitement of posi- 
tive electricity was obtained by holding it in one hand and 
rubbing it briskly with the other. For exciting negative elec- 
tricity a large stick of sealing wax was used. With the glass 
electric a Leyden jar, consisting of a large glass tumbler coated 
inside and out with tin foil to within an inch of the rim, was 
fully charged in half a minute. The dischai*ging-rod was a piece 
of bent wire. An insulating stand was formed of a piece of 
wood, mounted on a small phial which was cemented to a wooden 
base with sealing wax. An electrical machine was afterwards 
made of equally simple materials. Tbe c;y\mdet ^^w^a ^ \ax^ 
pbial^ into the hollowed bottom oi ^^c\i^as o*-TcveAv\«A.«s^%2Cffl.» 
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peA yntii a knife to fit into the hollow at one end, and 
Inded at the other like a spiadle. A rudely constructed 
idle was cemented into the neck of the phial, and it waa 
Kuitcd on two wooden 3up[x>rtB fixed into a flat board to serve 
the base. The prime conductor was part of the handle of a 
"ir-broom, rounded off at each end and covered with tin foii 
veaa mounted on a long narrow phial for its insulating support, 
i pina were stuck into the wood to collect the electricity. The 
,a supported on a wooden prop, and pressed against the 
the amall cylinder, With tliia macldne, sparks nearly 
3 inches long could be obtained, and it could fully chai^ 
6 tumbler Leyden jar with about twenty turns of the handle. 
With an apparatus so rude and costless in its construction, 
my of the most reniarkable phenomena of electricity could be 
hibitedj but its diminutive size and rough appearance were 
krcely suited for the laboratory of an adult experimental 
liloeopher : we notice it merely to show at what little expense 
ferit^ phenomena may be esemplilied. We shall now describe 
eauB of providing an apparatus of a better kind, suitable for 
t experiments with frictional electricity. 
A length of stout glass tube, two feet long and an inch and a- 
If in diameter, which may be purchased at a baromet«r'maker'a 
r one shilling, serves as an excellent means of exciting elec- 
icity by manual iriction. It ahauld be varnished inside to 
event the moisture of the atmoBphere from condensing and 
iheriug to the glass, and it should be closed at each end with 
irks. Awnmn mugiw/m (sulphuret of tin), a small quantity of 
Kich may be purchased at an operative chemist's, serves even 
[titer thiui amalgam to stimulate the excitement of electricity 
' alternating firiction. 

The glass cylinders for electrical machines may now be pur- 
laaed of various sizes firom the pbiloaopbical glass-venders. 
tte of these, six inches in diameter, fitted into a frame consist- 
g of a wooden base and two uprights made of baited wood, will 
iwer for moat purposes veiy welL The prime conductor may 
o be of wood, covered with tin foil ; its insidating support 
ing a glass tube about nine inches long, vamiahed. Pins, or 
icea of brass wire sharpened at both ends, may be stuck into 
) wood to collect the electricity from the excited cylinder. 
le cushion, with its flap of silk attached, may be supported on 
1 upright of well baked wood firmly fixed into the wooden 
LBe, which will press against tbe side of the cylinder by the 
(ringy nature of the wood. A handle may be purchased to 
ment into the neck of the cylinder, it being cS tuA • maii^'aaa.- 
^mmmbetbep it be imrolated or nob. l^^tl^Ktt 
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Leyden jam may be eaaly mide ty miiWlig dhw jwei 
tin foil inaide and out, the foil beinginade t&aAin iT'aWi: 
layer of paste on the £>iL A tiiii^ bnuB wive to Mrw fir tti 
oonneotion with the inside coating, should be siqiported in a im 
position in the centre of the jar by a Uiige oonc^ andapieoecC 
thin wire mnst be attached to the bottom to make ^«w*^mm*m» 
with the inside coating; The Qb|eet of having thidc wire k to 
pieyent tiie dissipation of eleetnoity, whinA takses ylaee fton 
points and small sor&ces. The end of the wire outeda ihoalit 
for the same reason, be covered with a hfdlow bnaas balL Baok 
baJllSy with screw-holes for the wires, may be obfeanied at the 
philosophical instroment makers for threepenee epush. 

In forming a batteiy of Leyden jars^ they shodhl be fitted 
into a box abont half iAeir height^ witibi partitionB inaide to "p^- 
▼ent the jars from being broken by collisions i and the bottoB 
of the box should be lined with.tin foil, to fixEin a metalUe eoa* 
neotion between the outside coatings. All the wires or knbfai 
connected with the insides of the jam dbonld also be jeined 
together by wire. A battery of six qnart jars^ soffiesBiit to 
deflagrate small stripe of metal lea^ may be Ans omatnutod at 
a cost of fourteen shillingH. 

An electrometer presents little difficulty. Four inches of 
glass tube two inches in diameter, may be cemented on to a 
wooden stand, having first pasted two narrow strips of tin fiiil 
one inch and a-balf long opposite to ea^h other inside on tiie 
lower part of the tuba lAie strips of tin foil should have a 
metallic connection outside the stand. A cork coYered with tin 
foil may be fitted into the top of the tube, instead of a metal 
cover, allowing a small piece of foil to project in the centre 
inaide for the convenient attachment of two strips of gold lea£ 
The gold leaves should seach so fer down as to be rather below 
the strips of foil on the side of the tube, taking care in pasting 
them to the cover, that the metallic connection is not obstructed 
by the i^aste or gum. 

In making an electrophorus, recourse may again be had to 
wimmI ct>vered with tin foil, as a substitute for solid metal 
l\^aU^ a disc of tin foil nine inches in diameter on a flat board, 
aiul over the foil fix a disc of the same size of thick sheet gutta 
iH^n^ha, or |K>ur over it some melted resinous cement, made as 
flat as jfHvssible. The conducting insulated plate may consist of 
a rtat oijxndar pit>eo of wood, smaller than the cake of cement; 
tho H\irtaw iHMug covered with tin foil, and having attached to 
tht^ iHM\tw ivf it« upper surface a piece of glass tube to serve for 
th*> \UHuUtii\g handle. 
An uuivt^iWl discbargier, insu\a\ui^ ^»si<^ wok^L ^jua\& tsa.^ 
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e by umig sliort kngths of strong glass tube for the inM-l 
Sag su}>poi-t*i, Gutta peroha will be fiiund a very convenient | 
bsteiiice for inauy smidler parte of apparatus, aa it maj he 
Bly moulded into any form by Immersiug it in hot water, and ! 
> ^lown lubstiiace is so good aji insulator if it be kept dry. 
r atiopting the plan thus sketched out, any perwm with a little 
geniiity and meekanical skill, may put together a very corn- 
's Mui Buffidently powerful ajiparatus for general experimenta 
h &ictioual elec^city, at a cost of less than two pounds. 
iExpemnents with voltaic electricity, if continued, are mora I 
Ktly, because, in addition to the original expense of the appa- 
a, there ia the constant consumption of the exciting matemla 
ir ^ose experimentB, however, which do hot require a numerous 
1 powerful combination of plat«s, voltaic apparatus may be 
de at even less cost than that for fiictional electridty. Zino 
tes may be obtained at the metnl warehotmeH of various de- 
es of thickneas, and cut into any size required, at the rate of 
penoe the {x>imd. It is not dcoirable to have the plates less 
a the eigh^ of an inch thick. They may he readily amalga- 
tted by dipping them for a few seconds into diluted sulphuric 
id, to clean the surfaces, and then sprinkling over them some 
)bi^ea of mercury, which may be rubbed on the zinc with the 
I irf a cork. 

The only part of the manipulation in muiung voltaic batteries 
k is attended with any difficulty, is the soldering of the 
loUic connections. The method of doing it is, however, soon 
Iquired, and with a brazier's small soldering iron, a little soft 
Ider, and some muriatic acid, the copper connections, and lie 
Itding screws may be soldered on to dnc plates without much 
Nifale. A voltaic arrangement, consisting of two pairs of xine 
d copper plates six inches square, may be fitted up in earthen- 
a» ceils for four shillings. Such a voltaic battery will igjiite 
i/e metal wires, decompose water and most other compound 
, powerfully excite electro-magnets, deposit metals 
a their solutions in the process of electrotj-ping and electro- 
ing, and, by inducing secondary cun-ents, will give strong 
Bctric shocks. 

. The large flat earthenware c«lls coat one shilling each : there- 
Is most economical, when many combinations are required, 
K-divide a long water-tight wooden trough into compartments 
r cementing into it square pieces of alate or thick glass, about 
I inch and a-half apart 
^Electro-magnets are very readily made. Having obtained from 
Snuih some pieces of Ijest soft bar iron, lieut toUi XXift ^a^ v^'L 
w Uf wind loaod eathUaih a, (^wuatiiA-^ oica^«KdL«n^n«a 
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wire, obMrving to twkt it niinid aadi in Ai iMwf ^Brtftftw 
aseveidjaBpoadblfl^aikdtiieiiMffnetisoQnii^^ ^Thaquaaite 
«nd tldcknesB of thewiie dqwnaontliekindof Bngnflk thatS ' 
lequiredy as prerioaaljr explained.* Oovared oopper wm of ilM 
size of beU-wiie (Na 16), whibh is the kind gB^BaJlj mad ftr 
primary magnetic ooila^ ia adld ioat thxee ahfllingi ue pood 
Thirty yards of such wiie are sofficifliii to ma£e & po w wfl J 
horse^oe magnet^ with iron- ahovt half an inoih in aiaaute 
and fire inches long. The wiie for w>Hn«ng aeoondaij ciui a d s 
dioold be wonnd upon the primary ooQ, bat aepaarmted from it 
by a covering of silk. Tarnished ; and medical cosL^nacliinflB Ik 
giving shocks by seoondaiy currents reqiuie at least dOO yudi 
of fine covered wire. Fine silk-oovered copper wire is to bo 
procured nearly as thin as a hnman hair. Its price is aiztofln 
shillings the pound, and one pound cf it coaitaina 18^000 
yards. Even finer wire than this is ipade^ and ia sffrnfltimf 
used for secondary circuits and for highly amaltiye galvano- 
meters, yet it is questi(»nable whether a ratiier tiiidcer win 
that irill allow a greater quantity^ of electricity to pass^ is not to 
be preferred 

To construct a galvanometer in the easiest way, it will he 
advisable to purchase a common pocket-compass, which may he 
procured for one shilling. Fix on to the magnetic needle a very 
41iin strip of paper at right angles to it, to serve for the index. 
Twist round a rectangular open box of pasteboard, into whidb 
the compass will fit, a number of turns of fine wire, so that the 
coil wound round it may be about half an inch wide and about a 
quarter of an inch in thickness. The galvanometer thus formed 
should be fitted into a small box open at the top, to enable it to 
be placed steadily, and through the sides of the box let the wires 
from each end of the coil project. When used horizontally, the 
compass should be so adjusted that the coil should be above and 
in the same direction as the needle ; therefore the coil must either 
be placed in the magnetic meridian, or a small magnet must be 
placed at one end to keep the needle parallel to it. When the 
two ends of the wire are connected with any source of voltaic 
electricity, so that the current may pass through the coil, the 
needle will be immediately deflected, and the paper index will 
show the direction and the amount of the deflection. Simple 
galvanometers of this construction were employed by Dr. 
O'Shaughnessy on the first telegraphic lines in India, and they 
were found very efficient instnmients at a distance of several 
hundreds of miles. 
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The excitmg liquid for voltaic batteries most generally used 
is sulphuric add, diluted with water in various proportions. 
When the zinc plates are well amalgamated, one measure of 
add may be diluted with ten of water; but when the plates 
become worn a weaker solution is desirable. By this dilution 
local action is avoided, and the effect is equally powerful ; be- 
cause the zinc when worn exposes a larger sur&ce, and is more 
readily acted on. When powerful action is not necessary, it is 
better to employ a much more diluted acid, in the proportion 
even of one to forty. Sulphuric add, when purchased by the 
pound, is very cheap. A large stoppered glass bottle, containing 
ten pounds, may be bought for half-arcrown. Solutions of alum 
and of salt are good exdters when energetic action is not 
required. Sulphate of copper is also a good exdter of voltaic 
electridty; but when used, the zinc should be placed in a sepa- 
rate porous cell, containing diluted acid, or a saline solution ; 
otherwise metallic copper deposits on the zinc, when immersed 
in the sulphate, and produces counteraction. 

The preceding remarks on the construction of economical 
apparatus, though not perhaps sufficient as explicit directions, 
will serve at least as hmts to those who desire to exercise their 
ingenuity or to save expense. When neither motive operates, 
the student may supply himself with better apparatus than he 
can hope to make, from the manufacturers of philosophical instru- 
menta Mr. Griffin, of Bunhill Bow, has a variety of small 
apparatus in which gutta percha is much used, made very 
economically, for the purpose of illustrating electrical phenomena 
in schools, which will be found use^ to tibe young student. 
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CHAPTEEL 

ELECTEIC TELEO&APHS — MXAXB OF COMltUNICATIMO. 

St Attempts Ut tnuLBmit mniogem br el«:tricitj^47ondu(rdDg power of the wtb— 
Opnion* napectdng the caase — ttegiitance of long wir» to tnunmiHiioa — 
Ttdtaic cnnoita — Modra of aaidag electric couunnowationj — The Hartb-dfccut 
-DiffiEIiltiel of insilAlin^ nirea — Dttft» of ths prcHut ijaum—Undergnnuict 
ins; ramukible dUoiIioD of etecDioIj in tbem ; plwt for pnvmliDg it— 
Sobmarine tdegraplu — Proipect of le]egnybx commauicatioa <rUb Ajneriob 

practical application of electric force to tlie requirements of 
rilized life <:aQ scan^ly be dated twenty yean from the present 
ne; yet within that short period the power of electricity has 
en applied, with more or less success, to a vast variety of pur- 
ees The tmuimisHion of lightning meaeages, the worldog of 
aohinery, the chronicling of tim^ the lighting of streete, the 
Pknu&£turing of metal uten^ls, gilding and plating, even sound - 
' the depthd of the sea, and the detection of the midnight 
Sglai, are among the many varied neea to which electricity has 
en directed. 

The rapid tian&misBion of electric diiichargefl through extended 
igthsof wir« suggested, at a very early period of the hist'iryof 
Wtridty, the idea of its applicability to telegraphic porpotea. 

first plan for transmitting inet«8ges by that means of which 

e is any record, wa» that of M. JJeaarg^, of Oenera, in 1 7 1 -1. 

agaats were mailn ly ]nt\i Ijall electrometerB, placed on 

' ' wire* exU-ndMl between the [ihux» with which com- 

n wa* III U) Mtnliliahed. The diacharge of a Leyden 

t, on being itFiit thrvu^ tlie wire at one end, c * 

" to exjMU-l at Om 'rtlier. Tbere w«re a " 
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'Wires as there are letters of the alphabet^ eacb one wama§ to 
indicate a separate letter; and, as the eleoteic difldbatgeivas soHt 
saocessiydi J through the wires, by noticing those on yAoA fa 
pith balls expanded, the words to be transmitted irese nwit 

Thus we perceive that at least seventy, yean be&iie aij 
dectric tel^raph was in practical operation^ a plan for estdb- 
lishing such means of communication had been pointed oi^ 
Several other modes of wialnTig corinminiflatioiai oj factknl 
electricity were invented, which will be noticed in the oAit 
chapter; but most of the8i» Ufcv thrt jof iUpivf^ xffqpdied a 
separate wire for indicating each letter. The ^sooveiy <n Toltek 
electricity, and still more the discovery of electro-magnetni, 
greatly added to the &cility of tvansmittuig signals; neveorthfllM 
twenty-six wires, one for each letter, were generally considflnl 
requisite in the tel^raphs that were for some years inventel 
This number of wires rendeared the application of such, inven- 
tions altogether impracticable on account of the difficulty d 
insulating separate connections fcM* tha maaoj voltue cmnnli 
required. The formation of insulated wire connections throng 
wmch the voltaic current may be transmitted .without loss d 
power, is still the great dilS^culty io. teleipapliie caniwunicatiofli, 
even when two wires only are eoqili^cad for each iiiatnimenl 

Before we describe the various modes that have been invented 
for transmitting electric messages, it is desirable tiiat we should 
explain the means of making communication, and show how the 
difficulties to be encountered have been overcome. 

The experiments undertak^i in 1747 by Br. Watson and other 
Fellows of the Royal Society, at Shooter's Hill, on the conduc- 
tion of electricity through wires supported on short poets, not 
only proved that at a distance of two miles the charge passed 
instantaneously, but also that the return drcuit, of equal length, 
could be transmitted through the dry ground. In those experi- 
ments frictional electricity was employed, the disdiarge of a 
Leyden jar having been sent through the circuit. The force of 
voltaic electricity is comparatively so feeble, that scarcely any 
sensible current would pass through ground so dry as that which 
was purjK)sely selected for its dryness in Dr. Watson's experi- 
ments ; but when plates connected with the two poles of a voltaic 
battery are buried in moist earth, the conduction is so perfect^ 
that at a distance of several hundreds of miles no appreciable 
quantity of voltaic electricity is obstructed by resistance^ The 
honour of the discovery of the conducting power of the earth has 
been claimed in recent times, though the £bm^ was established l^ 
experiment before the close of the last century. 
The '^ earth-circuit," as it is caJled, ^ no^ xaaAa xja^ ^'yq. 



telegraphic commnnicationB, and. is of great practical utility, 
i only because it diioiniBhoB the resistaiicB to the eleotnc 
Tent, but it efl'etts also a considerable saving of expense. If 
re communication alone were depended npon, it would be 
se»aa3^y to have one 'wire to conduct the current, and another 

convey it back to the battery; but by introducing large 
pper plates into the earbk at the oorrespoDding stations, the 
-im circuit is completed through the rooiat ground, and one 

B is saved. This Baving of wire, which in the ease of a single 
_ruit amounts to ono-half, is not, however, jtroportioually great 
len several circuite are employed ; for a single wire will serve 
r the return eirciiita of any nuinl:>er that may be used, in the 
me manner aa the earth at present does. 

B annexed diagram will eiplaia more clearly the action of 
B earth-circuit. The letters a b represent the wires making 
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Kumunications between the batteries d and e, and the tele- 
Caphic rnatruraents I o at the receiving station. The electricity 
can the copper end of the batt«ry D would be conducted along 
tbroogh the iustrvnnent i, and by the wire K to the earth-plate 
It would be then transmitted through the earth, on its 
turn to the battery, in the direction of the airows, to the other 
aih-plate o, and thence it would find its way to the zinc pole 
'the battery n, and complete the circuit. In the same manner 
e electric cnrrent from the copper end of the battery E would 
1 ttanamitted throegh the wire B, and would complete its circuit 
J by means of tlw earth-ffetes o h, and would traverse the 
irae indicated by the arrowa, and return to the one end of e. 
tough both electric currenta traverse the game wii-e, from the 
fitrumenta I o to the earth'plate h, and arc thence tmnsntltted 
rough the earth to a single plate o at the transmitting station, 
ere is no mingling of currraitB, the electric current of e 
^ttery being kept as distinct as if separate wires were u 
ith for the transmitted and the ret\im COTrcnV. \\: '*".i 
^ be M impoBsible for the Beparute carteaXR ^MeasgaSM 
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from the two batteries to be mingled together, as it would be 
for the written, contenta of two letters enclosed in the game mail- 
bag to intermix. 

The entire eeparation of the two ciuTonta, when transmitted 
through the earth, also takes place when a single wire only ia 
naed for the I'eturuing portion of the circuit. Suppose, for 
instance, the plates h and o, instead of being buried in tk 
earth, were directly connected by an inaulated wire, the corrent 
from each battery would be equally sejiarate; but the resiatanoe 
offered by the wire being very much greater than that of the 
earth, not nearly bo much of the power of the battery would to 
transmitted. 

Pure water is estimated to offer three milllion times tie » 
aiatance of copper to the passage of an electric current It 
seems, therefore, an anomalous fact, that the moisture of tk 
earth should conduct electricity between two distant points so 
veiy much better than metal wires. The fact is, indeed, so con- 
tradiotory to the known relative proportions of the conduotiiig 
powei'S of water and metals, that attempts have been mftde to 
explain the phenomenon by assigning other causes than mere 
conduction. It bus been assumed that the earth is a vast resa^ 
voir of electricity,* and that the positive current from to 
batteiy e, when it enters that reservoir, ia at once transferred by 
some process different from that of conduction to t]je correspond- 
• ing plate. 

liis opinion has received countenance in quarters that have 
given it more importance than it would otherwise seem Co 
deserve, especially when it is well known that an imi»rftct 
conductor can compensate for its defective stote of conduotion 
by increase of volume. Take, for instance, the two metals copper 
and iron. Iron offers seven times the resistance of copper to 
the passage of an electiic current ; but by proportionally in- 
creasing the size of the iron wire, a current of electricity vriD 
be transmitted through it as readily as through the better 
conducting metal In the same manner, by bringing into con- 
ducting action a hu^e body of interposed moist earth, the 
electricity, which would not fiasa through a small quantity, 
is transmitted without any apparent resbtance when a Iwge 
sectional area is included between the plates buried in tbti 
ground 

Professor Matteuchi made numerous experiments with a vie* 
to ascertain the amount of resistance offered by the eailJi to »" 
electric current, and the mode by which the transfer ia effected, 

£fcrtric rffcgraiift ifattSpulatim, by C. V. Wslker., 
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e result of wliich is decidedly in favour of the opinion that the 
ranamiBsion is produced direictly by means of conduction onty. 
s he obsia^es, "the effect waa caused by immediate ab- 
n and reproduction, a mere contact with the earth would 
e BufScient ; but it is essential that the plates buried in the 
Dund should present a, large eurfaoe, without which there is a 
mparatively small quantity of electricity transmitted." The 
eotria Telegraph Company generally bury a quantity of sul- 
late of copper with the earth-plates, so as to surround them with 
jDod Uquid conductor, which serves, practically, to increase 
* oondacting surfaces that connect the poles of the battery 
h the earth. 

lie resistance of a wire to the passage of an electric current 

:ea«es with its length, but not in direct proportion. In ex- 

ments by Professor Morse, of the United States, when using 

t battery of 100 pairs of plates, it was found that when the 

■ fansmitted through one mile, the battery power 

id one-third ; at a distance of two miles, one-half 

e power was transmitted ; and at a distance of five miles only 

me-£fth the quantity of water could be decomposed in the vol- 

compared with the decomposing power of the battery 

i length of wire at all was interposed. The resistance 

Euoceeded in a diminishing ratio until a distance was attained 

[ D^ond which there appeared to 

bo little further diminution of 

tiie power transmitted. The 

same result has been observed In 

tiie tel^raph lines in England. 

, The diminution of the electric 

rent by resistance of the ^ 

not mach greater at a dis- 

moe of SOO miles than it is at 

ice of 100, provided the in- 

Q be very good; but if the 

lation be imperfect, of course, 

i of power will increuse 

e length of the circuit. 

e difficulty of effecting per- 

t insulation of the wires is 

s greatest impediment to the 

taMishment of telegraphic com- ^"- '"-■ 

ttunication. The wires are either supported on posts, 

e covered with gntta percha, and laid in trenches under 

i former plan was at first generally ado^(A«&. 

^ il^h, &nd croea anaa oi "wi 
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10^, ei^teen indiM loDg^ «re fixed to Hwm aioiB wiM, 
ten m<^^ apart At eadi end of tibe «bart "wooden ami Uhi 
earthenware ^6 are sttadhed, ib Ibe aideft 0f 'widdi uula 
Bwde -te hold the wire; and theee f^om are « y voi e d wiA a* 
of galvamaed iron, to protect them from thto nun,-aisd to 
the deposition of dew. The earflienware, being an i mpa ri p ct 
dnotor of eleotrioily, insakteB the wireB'froin tiw ports, and 
yentfl iSie electric omrent feem pmiriTig down Aem to Iha 
wet weather. Balkof g^aasarehegXBfiinglAteiued nuteairfj 
earthenware, as that Buhstanoe is a 'better xnaairtor. ^RiaiBaiitl 
recoitly oentrived fohn of inradater oonaiatB «f a- fAum (Mi 
supported on the frustnun of a oone with a bevelled notah #' 
the top of 4he '^lebe for the iTire to rest in. At iliB liottcn 4a 
iron screw is -fixed in the glass for attaoiment to the polla 
This formed insulator is shown in fig. 103. TliepMli 
are genemUy made of wood, and in the first instaDOi 
great care was tised to insolate the arms to 'whidi ilM 
insulators are attached finimtiie port. TbispreoMtiiiMi 
is now disregarded, and cart iron ports «re begimiing 
to be used instead of wood. 
Ironwire,oBe-nz!thof aninehindiaairtQr, andfld- 
^^^ vanized to pi^ent coriosion, is the land nsed in tiie 
telegraph lines of this <Kmntry. As many as thirteen of these 
wires are attached to the posts on the North-Westem Railway, 
near London. Some of them extend to liyerpool and Manchester, 
some to Glasgow, and some are connected with l^e intermediate 
towns. 

By placing wires forming short crrcoits, in dose proximity to 
those of long drcuits, the dif&cnlty of insulation on the longer 
circuits is considerably increased. Let d I represent a wire ex- 
tending &om London to Livei'pool, and E o one extending from 





Fig. 104 



London to Birmingham, both supported on tiie same posts 

fFithin a few inches of each other. Li a dam.^ state of the 

atmosphere, when there is any defect, m A^^ *YQsw^\assiL ^ Hksa 




1 Hm mane klong d i will be ci.«itiBD>Ihr 

K O, M Aowa br tbe flMtetl liim : fvr it nut 
? » ahoTWr letaTn-oimut br p^'^wji; W tbc 
ilKtB <tf o, and tboB iwtoni I7 the plue, vlucb » i—»iim-» 
I vitca, to the b&ttet; of D, instead of tnTciang Um w1h4» 

long omut to L In this nunner il not iiD^vqvmtljr 
IB Aat ao ntndi of the ek«trie cnrrcnt la <tivHt«d that tin 
pli mstranamts cuuwt be woi^ed. 

be ofuiiioii of the aatfaor. the e8c»j« of ekctricitT frmu tlw 
I gratlr &nlitate<i by the exposure of the wir«« in sadk 
roxnnitr to each other withoat anj insulating mating 
loglit tb» sQbjeet before the notice of the British A«m)cw- 
■ the AdTaocement of Science at their meeting at Ipswiclt 
J&«t ; and in the pi^wrs read by liim on ihoM ooi^afaons 
nvoured to show that the greater part of the loas of eleo- 
in damp weather is owing to the oommonicatiou froDL 
• wire through the moiitt atmofphere, and is not occa^oned 
active insulatioD at the posts. la thi^ opinion aereral 
idiic engineers now agree. To secure perfect inijulation, 
leted by rain or fog, it would be necessary to Tarnish or 
iae instilate the mn&cea of the wires. 
I ^le opinion of many electricians that the low intensity 
aic electridty effectiully prevents jt from passing fixini 
I wire, even through an atmosphere of fog. This opinion 
rem', opposed to sound reasoning on well-established 
fitr though on the Email scale in which esperimeuta 

ocaiducted in a laboratory, no appreciable quantity of 
dectrici^ will pass thi-ough the air, such limited means 
rration are not to be dojieuded on when the aurfiaces 
1 are veiy great Each iron wire fi-oni London to Liver- 
poses a surface of not lees than 45,01)0 square feet ; and 
n sereral surfaces of that extent, only six inches apart, 
•0 be little question that a large quantity of tho electric 
imut be transferred and lost when the air is charged with 

wires on the telegraph lines in India are thicier, and thpy 
ced at a greater elevation than in this couutiy. The 
p wires were found to be necessary to enable them to 
; the large birds and the monkeys that perched and con- 
il upon them ; and greater height was required to allow 
elephants to pass undemcatL Dr. O'Shaughnessy, the 
tendent of the East India Company's lines, has also in- 
d the plan of making tlie posts stronger as well as higher, 
'1 means they may Tie placed at gteat^t ilialAtwftft K^tv.-, 
■ "^"1 eight pasta beiujf r«i\urod iit 8. buX^. \i>.'''^— 




laid m 

ihan Iht aapcnaon of 

vBeentfyy ttdapted. mtUieiNulijy 



to protect the winm hj 

FnuBA the mdopnad 

but it bas ghnm plaoe to the 

percha ooatiiig was altackgnj lijTaiiim 

tubesL 

The monopolT of the ndhrays hj tlie fint crtaUiibBd deolrie 
telegraph companT in this oonntiyy induced tiie oilier immpiaH 
which were sabeeqaentlT estaUiahed, to adopt tiie vndagmnd 
sTstein, and sach lines have been constructed fiom T.«Min« to 
yarious parts of the kingdonL The siqwrior inralaftiaa thos 
obtained, has also induced the original oranpanj to hj down 
wires in the groond coTeied with gatta percba. leanHB-StfiiiiB 
has, however, proved that gntta percha cmda idm boriBd in 
the ground for three <»r four Tears, and the insolBtiQBL beeoaflB 
impaired. Some other material mnst^ theiefiM^ be dimi f w gd 
to answer the purpose m<Nre duraUry or the over^raond fka. 
must be had recourse to. In France, and on the oontinflBi 
generaUy, the wires are suppcnrted on posta 

A most unexpected difficulty was found to arise from tlie 
underground wires, which threatened to prevent the use of those 
electric telegraph instruments in which the voltaic current always 
passes in the same direction. When the submarine calde to the 
Hague was laid down, a recording telegraj^ was tried whidi 
makes marks on paper by electro-chemical decomposition, but 
instead of mAlring dots, as was customary when tranamittiiig 
through ;8uspended wires, ibe inataraansn^ ^xcsw ^^Qsmas^Ascros^^nL 
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lies oa the paper. Attentioii was immediately directed to the * 
itise of this continuity of action, which was first made public 

K Faraday, in a lecture at the Eoyal Institution, in January, 
4. He as(%rtaiiied that thia peculiar effect was occasioned 
r the detention of the electricity in the wire, which, with its 
lating of gutta percha surrounded by conducting moisture, 
womes in the condition of the interior lining of a Leyden jar. 
. length of one hundred miles of wire covered with gutta 
" a and immerBed in water, was found to retain the chaise of 
powerfiil voltaic batteiy lor upwards of a minute after con- 
n with the batteiy had been broken. The wire when thus 
roumstanced becomes in fact an elongated Leyden jar, and, in 
nner as a Leyden jar, retains a portion of the elec- 
iraty after it has been diaoharged. Faraday obtained forty 
looessive shocks from an immersed wire, after contact had been 
okeu with a battery consistirig of about 300 pairs of platea 
aring some experimentB which the author was kindly permitted 
toake at the Gutta Percha Works, in the City Eo^, with a 
ew to remove the difficulty occasioned by the detention of the 
Bctricitj in underground wires, he witnessed the setting tire 
a faae full half a minute after battery contact, the current 
Kving passed through one hundred miles of wire covered with 
Itta percha and immersed in the canal. 

This detention of the electricity does not materially affect the 
Dtioii of the needle telegraph, in which the direction of the 
oltaic current is continually reversed ; and Mr. Variey, by 
pplying that principle to the chemical telegraph, aueceeded in 
Tercoming the difficulty of working it to the Hague. After 
h signal the wire is connected with the earth, and a reversed 




B sent through the wire before another signal ia made, 

ls the marks on the paper are made nearly as dis- 

when the tranamisaion is through ■« " 

■ adopting the same principle, the difficulty " 

d the working of the copying telegtB.'gli tWyo^ w 

— ' - 'obeeno 
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In fonning a submarine telegraph, the plan that has been 
found moat auccesalul is to enclose several copper wires, coeAed 
separately with gutta percha, within a. hollow wire cable, of 
■which the insulated wires form the core. Cables of this kinil, 
resting on the bed of the English Channel and of the Oenosn 
Ocean, now serve to transmit messages between England tutd 
the continent, and answer the purpose remarkably welL 

Fig. 105 shows the mode of enclosing the wires in their outer 
casing of iron. The protruding end o exhibits the copper wires 
covered with gutta percha, and twisted spirally ; b is a covering 
of hempen twine, to form the core; A the cable of iron wire,uid 
the other end shows a section of the whole. 

The principal objection to that plan is ite cost. The cable 
feom Dover to Calais, with four thin copper wires enclosed, oosti 
we believe £20,000. 

In the submarine cable, &om die coast of SuffuUc to the Hagne, 
each wire is covered separately with an iron wire rope, and is liid 
down singly. By this plan, the wires can be carried irom liaae 
to shore much more readily than when in a combined thiA 
cable, and there is much less risk of communication boat win 
to wire by defective insulation. The practical results of the 
system are not, however, so satiafacttiry, for the cost of rep«iriiig 
the wires during the first half of the present year, exceeded 
£2,000, whilst the cable &om Dover to Calais hs^ cost nodang 
in repairs ; and though several times dragged up by anchois, it 
has not suffered mateiial injury. 

Copper wire is used for submarine telegraphs, becaoae copper 
is a much better conductor of electricity than iron j and as ft 
thinner wire answers the purpose of conduction, it may bo more 
easily insulated, and forma a smaller core for the external cable. 
This mode of forming submarine telegraphs is, however, in 
the author's opinion, open to many objections. All the failuiea 
that have oeenrred in endeavooring to establish submarine tele' 
graphic communication have arisen &«m the breatdng of ^e 
wires. The experimental wire across the English Channel broln 
shortly afber the first signal was transmitted ; it was the same 
with that from Holyhead to DubUn, though protected by a 
thick wire covering ; and the first wire fixim Donaghadee to 
PortPatrick was cut in two by mistake. It seems highly 
objectionable, therefore, to continue the use of thin copper wire 
under circumstances which experience has shown re(;[uire addi- 
tional strength. The rejection of thick iron wire, on the ground 
that it is more diflioult to insulate than thin copper of equal 
conducting power, seems to \w lao^ '^e^ itrtuAfti. ka iron c<ai- 
duota electricity with leaa iaaiiit^ Aiiaii. to^^bi, soq &s&»^' 
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J eoating will h&ve a leas injurious effect than if an 
I or a much smaller surface of copper was exposed ; there- 
!, the difficulty of insulation would not be increased by the 
t of the Hti-onger and leas perfectlyK»iiducting metal. The 
' , it is true, would be thicker ; but its strength would be 
a greater ptviportion, and there wuuld be much less 
_ r of failure. 

Haring succeeded in connecting England with the continent 
£arope by submarine telegraph, so jib to transmit intelligence 
KtmittuieouBly from London to Bi^rlin and to Paris, the prub- 
D tliat remains to be solved is, to effect similar conununicationa 
fell America, the East Indies, and Australia. It lias, eren at 
»ent, almost resolved itself into a question of money. Such 
cable as that which now connects France with England 
^it, by proper arrangements and with the aid of steam- 
Ips lie stretched across the Atlantic The cost of the cable, 
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1 the expense of laying it down from the western coast of 
e^and to New Brunswick, would not amount to one million 
"a sterling ; and for the accompliahment of a great national 
Ject, BO important to commerce and to our colonial govsmmeut, 
a expenditure of one million is scarcely worth consideration as 
; objection. But if the mode of communication we have indi- 
ted as most suitable were adopted, and a single iron wire were 
Utloyed, the cost would be greatly reduced, and the difficulty 
laying down the wire would be for the most part removed. 

A. single wire telegraph between England and America would, 
the first instance at least, bo amply sufficient. A thick 

Ivanized iron wire or rod, coated wiUi gutto percha, and that 
ftting protected for some distance by a covering of iron wire, 
Ight be constructed at a comparatively small cost, and would 
much stronger and form a more efficient conductor of elec- 
dly than a tliin copper wire. Such a telegraph wire might be 
1 down between the west of Ireland and America for leas 
a £100,000. It should be remembered, sjso, that in the 
B of the Atlantic beyond the range of animal or vegetable 

B, ami where no anchors ever reach, the tele^praphic wire would 
1 free &om the dangers to which it is exposed in shallower 
U. There is, indeed, no practical difficulty in extending a 
legraph wire to America tha.t may not be easily surmounted ; 
i with the almost certain prospect of instantaneous communi- 
iOD between the old and new worid, for one-tenth the cost of 

_ i bridge across the Thames, it cannot be long before 
it event is realized. 
^ b^inmng has indeed been made in the pla-n. «( \a.^ia^i<n 

r^pPrt^Jdod of cable, Sew Bnmiiwuk uA'S.« " 
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land aie alzeady in tel^gnqplpo tonn ninin at ioB, and a oonnpqr] 

bas been fbnned to eizteind the inie to the 1^^ Tim 

fands have been already ponmdedy to the amoimt of JSSfiOyOOQ^ 



and it is anticipated that the submarine line ^rill be eonupletod 
before the end of next smnmer. Anothfir CKxmpaiLy is also in 
the courae of formation to bring a td^grsnhio wite to L^; 
and the Mediterranean is now being Grossed by the tttligmina 
wipes. 

The extent of telegraphic oomnranioation-ia Cheat Britun sfc 
the present time is about 7fiOO nulee, in Fraaoe 3,000, Enoia 
5,000, Austria 4,000, in India 2,000, and in Ajneriea not in 
than 17,000 miles. 
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ELECTRIC TELEGRAPHS— SIGNAL IHSTEUHENTa. 
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_._.inE. RoiuildB, Ampiln, Schilling, G&ius, 
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of tnmsmissiaa — Henley's magaeto-elediic telegrapb — Br^el'a SsmsphDn. 



ited b; LamnDi, Beiicn, Soon- 
ihil, AleiaiidFr, DaTy—Cwtka 
'-- Dtieille tele^np1i~fti)Hdit;r 



IThe form of mstrument first contrived by Lesarge, in ITT'i, for 
tomsmittingtelegrapliic messages has been alceady noticed. In 
1787 M. Loraoud so far saniplifled the means of telegraphic 
COmmunicationH, as to point out the way of transmitting BignalB 
^th a single wire. He adopted Lesarge'a plan of using a pith 
Inll electrometer ; and he Indicated the letters of the ^phabet 
ly the number of the divergences of the balls, and the variation 
□ their duration. With this telegraph M. Lomond comnmni- 
Cated between different rooms in his house, the force employed 
jKdng that of an electrical machine 

Ten. years afterwards a very ingenious application of electric 
(tight to telegraphic purposes was made by M. Reizen. He 
pasted on a pane of glass stiips of tin foil with spaces cut out in 
iS form of letters of the alphabet, so that when an electric spark 
as transmitted through the convoluted foil, the light at the 
interstices presented the form of the letter to be indicated. Ah 
of indicating the signals this mode was perfect, but it 
a separate wire for each letter. Several other ingenious 
ices were invented on the continent for the tranHinis- 
n of signals by (Kctional electricity at the commencement of 
the present century, but none that deserve special notice in 
'this summary. 

The first known application of voltaic electricity to the trans- 
miaaion of signals was that of M. Soemmering, in 1809, as 
lannonaoed to the Academy of Sciences of Munich. The bubbles 
f gas arising from the decomposition of water served to indi- 
*ia the letters to he transmitted. Thirty-five gold wires were 
^^ d through the bottom of a long narrow glass vessel, half 

Hied with acidulated water. The circuit of the voltaic batteiy 
a passed through the water by connectmg «tt-3 ^^q 'i'i *«; 
-s with the opposite poles of the Wttery. tVe 'm^«»s&- ''^ 
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connection was made and the circuit oompletedy babUeB rf 
liydrogen gas rose from one of the wires, and of oxygen from the 
other. The hydrogen gas, being in the proportion of twice the 
Tolume of the oxygen gas, could be easily distinguished. Eveiy 
wire signified a letter of the alphabet, or numeral, and the irire 
from which the hydrogen was suooessiYely evolved was the letter 
to be noticed. By this means a very efficient mode of lyignalling 
by electro-chemical decomposition was arranged ; but the practiod 
difficulty of requiring so many wires would, under even mate 
favourable circumstances, have prevented its adoption. By a 
simple modification of the instrument, however, it may be easily 
ailnpteil to the transmission of all required signals with a sin^ 
\k-ire. If two gold wires only were inserted through the bottom of 
the ghiss vessel, the hydrogen gas might be made to issue from one 
or the other by reversing the poles of the batteiy, in the manner 
now done with the needle telegraph, as will be presently ex- 
plained. By this means the issue of hydrogen gas from the 
right Imnd wire might signify one letter, and from, the left wire 
another. A repetition of IJie jets of gas, frx)m either of the 
wirvs alternately, might signify other letters; and thus the 
whole aU}>habet might be indicated by a single circuit, in the 
same manner, and almost with equal &cility, as it is now done, 
by defiectiug a magnetic needle to the right hand and to the 
loft. To call attention when a message was to be transmitted, 
M. SvHnumoring pn>jx>sed to liberate a wound-up alarum by 
moans of the evolution of the gas generated during the action of 
tlio telo^-iipli. 

A nuHlitirtuiou of M. Soemmering's telegraph, by which all 
I ho siiTi^rtls might W transmitted i^dth two voltaic circuits, was, 
imlot\l, pi\^[H^stHl by M. Schwieger. By his plan the variations 
of tlio symK^ls weiv CiWiseil by employing two batteries of dif- 
forout jH>woi*s, which couseijuently evolved different quantities of 
gas, ami als^^ by making varied inter\*als in the emissions of the 
gas fnun the gold wires. 

A voiy ivmarkablo form of electric telegraph was invented by 
Mr. Ronalds in 1818, in which, however, he reverted to frictional 
olivtrioity for tho aotnating agent. At each corresponding sta- 
tion ho had a ivvolving dial earrieil roimd by the seconds hand 
i>f a oliK'k. On this dial the letters of the alphabet were 
markod, and thoy wore seen in succession through a small 
a}>i'ituro, noar to which was suspended a pith ball electrometer. 
The two ilials woiv made to revolve exactly together, so that 
wlien a letter ap|H^artHl at one aperture the same letter appeared 
also at the ajHMture on the corresponding diaL The pith balls 
wore maintained in a diver^ivg coii^\ioii ^wsm" ' ^r^sosiAar 

1 
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B of B iBe8B«ge ; and the instant that th« lett^ rc<(]uiiiid t» be 
lie&ted tmtae in s^bt aX the transinittini; statinn, the elec- 
dty sent thnnigh the conuuunicatuig wire u-n-i di^'harged, 
d the collapse of the pith balld directed the atU^tion of the 
server to it at the raceiring station. In this manner couimu- 
catioDB coold be transmitted with ft single wire. The syiiohnv 
us movement of the two docks, to insure the same letteis 
ipearing at the aame time at each instrument, was obtained by 
joating (hem by an electric signal (*efoiv each metisaga 
Mr. Ronalds was very perscrering in his attempts to perfect 
B tel^raph, and to bring into notice the advantages of dec- 
wity as a means of telegraphic communication. He, at great 
■penae, insulated eight miles of wire in glass tubes on the lawn 
his house at Hnmmersmith, through which the tel«^raph was 
nted. He endeavoured to direct the attention of the govern- 
ut to the subject ; but he met rebuff instead of encourage- 
mt. The government officials told him that " t^egrapht are of 
«w tn time of peaee, and that the semaphore annwiered all 
juired purposes"! It is in this manner that attempts at im- 
tovement are generally received by persons in anthorit^. They 
111 not give themselves the troulde to investigate the merits of 
y invention, but wait until it has struggled through all diffi- 
Ities, and foroes itself on their notice^ Of the very many 
" J inventions that are lost in ths stru^le which inveutore 
to malte, little or nothing is known. In the case of Mr. 
(maids, finding his endeavours to be hopeless, he not long 
mis quitted England, and took no liirtber steps to im- 
a system then considered by the government of so little 
Jne, but which is now, year by year, becoming of more and 
DTB importance as a means of general commuuication. 
The discovery of electro-magnetism by Professor CErsted 
eaented a new mode of transmitting signals by voltaic elec- 
icity; and in 1820, M. Amp6re laid before the Academy of 
aences a method which he had contrived for sending messages 
■ iixe deflection of magnetic needles sunouiided by coils of 
te; his plan, however, required a separate wire for each 
mboL 

The Baron de Schilling made a great practical improvement 
tbe plan of Ampttre. He first constructed, at St. Petersburg, 
1632, a telegraph in which five magnetic needles were em- 
lyed. By the single deflection of these five needles, alter- 
tely to the right or to the left, ten primaiy signals were 
tuned, without the iieceasity of two needles being used at the 
Be time. The combination of u. few b\\c\\ w^rnaXft tj^^ -oMifi.* 
BLe a.\so \yi1( 
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alanini bo coiutructed, that the motion of one of the magnettV 
needles allowed a weight to fall, and sound a lielL Anotiiw 
of Baron de Schilling'a plans of a later date, wsi) to use only une 
magnetic needle ; and by counting the deflections to the dgjht 
or to the left, the lettent of the alphabet were indicated* 

Not long after the diacov-ery of magneto-electricity hy Pro: 
fessor Faraday, Megsrs. Gausa and Weber of Gottingen appliad 
the magneto-electric machine to the transmission of metagei 
They employed only a flingle needle to inake all the symbolsi 
and a telegraph operating on that principle was worked at Giit- 
tingen for a distance- of a mile and a quarter. 

Dr. Steinheil's telegraph, invented in 1837, presented great »i 
vancement in the application of electricity to telegraphic pniponL 
It is spoken of by Mr Highton as a perfect ari^jtgement, and u 
one which " may well put to shame many of the plans afterwirds 
patented in this kingdom." Dr. Steinheil could ^ther trannnit 
messages by soimd or by making permanent marks on f»fec 
This telegraph consisted of a single circnit, half of it being wire, 
the other half the earth, and the stations between which the 
telegraph worked were twelve miles apart One or two mag- 
netic needles were employed, aa required, and they were deflected 
by magneto-electricity. When it was desired to telegraph by 
(wutid, the needles struck against either of two bells differaitly 
toned. To enable the instruments to record the message, tiM 
needles were furnished with small tubes holding ink, and by 
their motions dots were made on paper properly moved in front 
of them by wound-up mechanism, one needle making dots in one 
line, and the other needle making dots in a line underneath the 
former. Not more than four dots were required to make any of 
the letters, and some were marked by a single dot The mode 
of recording on paper the messages transmitted by this mesnB 
will be rendered more intelligible by the annexed repi-eaentation 
of the symbolical alphabet made by the penholding needles. 

ABDEFGHCSSCHIKI, WLN O P R iS TVWZ 



Before the year 1837 scarcely any attempt besides that of ! 
Ronalds' had been made in England to improve the dt ' 
telegraph ; but that year seems to mark the commenoenwi 
this country of the direction of inventive genius to electric 
gntpba, which have ance pio^^eaaed lajwit, rabidly. In June, 11 
• neEteetrieT('Uarorli,Vi-S..'K\ig 
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COOKE AHD WBEUlyruKi; S TELEniUPB. 

eJectric tel^raphs of Mr. Alexander aud of Mr. Davy wei-s 
iliely exliibited is London. Tl»e former o|M!rated l>y removing 
xDM from before letters of the alpLabet. Tlie lt'tt«ra 
kiiit«d on a frame, and were concealed from siglit by smidl 
light screenB attached to the mcignetised needles, the dofleoUoU 
of which, when the voltaic cnrrent passed through tho ovils, 
successively exposed the letters to view. Mr. Davy's telugmph 
waa constructed on the same principles, but the lettuni wi^ra 
painted on ground glass illuminated from behind, consequrntly 
they wel-e more diatmguisluible. Both these telegraplin ri)- 
quired a aepiirate voltaic circuit fur each symbol. It la, indnnd, 
curious to notice in the progreaa of telegraphic invention, tliAt 
notwithstanding the impracticability of using a telegraph wliich 
required so great a number of wires, notwithstanding also thftt 
the mode of transmission by one or two wires had been olltMi 
pointed out, how resolutely each inventor in succewioii adliunxl 
to the appropriation of a seporate wire for every symbol to Iw 
transmitted. 

1837, Mr. Cooke and Professor WheaUttme succeeded in 

ibliahing the first working electric telegrapk Tlio patent 
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out by Messrs. Cooke and WheatAtij 
needle telegraph in which t)ie symboU w 
3edle& In the following year the arrange 
I &r as to reduce the number of needles to 
of the double needle telegraph is tlie o 
generally used in this country." 
It would occupy far too much space to 
all the modifications and improvenentfl 
tnitting messages that have been since ii 
to^ty patents for electric telegraph) 
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ions have bera patante4 *^^^H 
t it will be Bufiaent to lfa^^^| 
most distingiudiiBg lotara^^^H 
.ply a delicate- ga^raa(■■lH«r4^^H 
;rv fine copper wire cotctoI vBP 



• other siimlar inrentioiu have bera 

in America ; but it will he enSitJent 

• to Hnost that poasFSs the most distingiudiiBg 

i lelegtspb is simply a delicate- { ' 

amertiiiB coils of very fine copper 

Tbe magoetued nt-edle is placed npri^t. the linnrcat 

E d^tlj heftvitrr, to make it asEuine ■ p"Y—wHi-^W 

B wlieD in it« Dormal state. There are two uUMig OMb 

D« wii« connected together, between which tbe bmA 

Tbe object of employing two cotmected roils UMmI 

Fk tti^lfi one, is to allow the axis that carries ibe needle to 

•■■ betwcfTL 




Tho dMW**"* exliibita a pwapective view of a mntmtMl ni 
Cho ^siavi auM'wK*' within' the coil t A, so na to allcrt 

<.WiUo ti. 1 ■***»*■ '"'* ""^ '^*^ poBsible resiatanoe from fricHownii 
Ou- im^U.- « Sst*^ to tn« axis inside the eoils. An ontef'"' 

u.l^r -4 »*■> ^■isi»*",''.«'.«"ploy«d as an iodes, the poles of whidi 
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^etic action of the coD, when tlie current passed, tended to 
lect them both in the same direction and with inereaaed 
EC The index is, however, now generally luaile of a, light 
ip of wood, hut by that means some of the power of the coil 

lost. When tlie voltaic current is sent through the coila the 

instantly deflected either to the right or to tlie left, 

ording to the direction in which tho current passes ; the 

lUiectioDS with the copper and tho zinc ends of the battery being 
arranged that they may he revelled on moving the working 

tulle cither to the right or to the left. 

The airangemente of the iustrument to reverse the directions 
the voltaic current are ratlier complicated ; but the principle 
which they depend will be readily understood by inspectio 
fig. 108. The letters ' ' ' " 

iwhich there is a break 

b the transmitting Kta- 

' m. Close to this break 

placed a moveable 

B bd, that slides Is,- 

rally, and it is con- 
Kited with the two poles 

( of the voltaic battery. 
:e upright wires at b d, 
!h connected with the 

DC pole z, are insulated 




ithew 
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lected with the copper pole c. It will be evident, therefore, 
,t if the piece to which these wires are attached be shifted 
rard« the right, the wire e will touch tho eommuuicating 
■e at D, and b will touch k. By these contacts with the two 
U of the communicating wire, the ciitiuit of the voltaic 
will be completed, and an electric current will be trans- 
itted from c to D, in the direction of the arrow, to the earth- 
tte B, thence to the receiving station, and back again, tlirough 
B instrument i, to the zinc pole a. The lateral movement 
the wires connected with the battery to the left, will, in the 
M manner, bring e, which is in connection with the copper 
le, to E, and el of the rinc pole to d, and the current will 
sa be sent in the opposite direction, viz., from the copper pole 
lite battery to B, through the instrument i to the receiving 
itaoB ; and it will return by tlit; earth-plate H to the zinc 
d of the battery. By rapidly changing the positions of the 
res from side to side, the voltaic current may be thus reversed 
times in one second ; and each le-^wtisi o^ "Cwi wamroS. 
whidi the needk ia &e 
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By ihe adoption of irliat is called m code ot *4r*^^, tiw dcfca 
tionsof a single needle majbemadeio denote all tha lottow rf 
the alphabet The code fiior » single needle tekj^j^sdh is di0«i 
in the annexed diagram ; thennmberof dBfleetionsQctiieBeedk 
^ to the ridrt and kft he- 

■ jlB € IcarOXin. nyuie to indkate He 

\'\%% , / // # # ss sfpjT 5: 

H 3I«I A B. 8 T deflectJonaoftheqFBiboh 

%/ t// %// ^ ^*^ letter oommaMi 

V v^ v// j^ ^^ dizeotjon of tiie 

IT y IT short maxks^ and end inik 

V V^ ^ If a/ y/ y thelongones. ThnsitviD 
V w V V IT T/ T 1^ ^^^ ^1^ ^ indioBte 

• * i^ ^ ^i! the letter© the needle ii 

y//" ^ \ N W^ fintdefleotedonoetoHe 

riC^t and then onoe to He 
^''^- leA;irfaikttwodeaeetian% 

b^pnning with one to the left and ending nith one to the li^ 
si^iify the letter r. 

It will be obeerred that all the symbohi in the left dirinoe 
of the scale commence with a right-hand deflectioin, and end 
with the left; whilst those on the right division commence with 
the left and end with a deflection to the right. Wben the dooUe 
needle telegraph is used, the number of successive deflecti(HU} 
requisite to denote all the letters of the alphabet are fewer, 
because, with two needles, capable of being pointed in both 
directions, six primary symbols are obtained by a combination of 
the deflections of the two needles. 

A practical knowledge of the working of the needle instromentB 
is generally acquired within a month. Some of the tel^raph 
clerks have become so expert by continued practice, that they^ 
can transmit as many as 150 letters a minute with the double 
needle instrument. It is, however, much more difficult to read 
the symbols than to transmit them ; and as the messages must 
be written down, the rapidity of transmission is practically 
limited to the speed of writing, which seldom exceeds 100 letters 
a minute, and that is considerably &ster than the average rate 
of transmission. 

In the early stages of the progress of the electric tel^raph it 
was considered very important to have the means of calling 
attention when a message was to be transmitted, and there were 
many contrivances for ringing beUs at the distant stationa. 
The use of alarums has, however, been discontinued at all the 
principal stationa of tiie Hectocic TeVw* ' '^t^Ks^Muj. '^^ssi 
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ind of the needles striking againat the pins fixed in the dial^ 
> limit the T&nge of the defleetiona ia generally sufBcient to caU f 
e attention of the clerks, who are constantly seated near their 
■bumenta. When alarums are required, bells are sounded by I 
berating a wound-up mechanism by withdrawing a detent by \ 
i of an electro- magnet. 

Fig. 110 represents a front view of a double needle instrument, I 
"Ve handles are held by the clerka. and )iy moving one or both ] 
I the right or to 
H left one or both , 
t the needles i 
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]g instrument to 
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* each word that 

i onderstands, by 

single de- 

ibion of the left- 

■d needle to the 

it; when he does 

understand, and 




the word to l>e repeated, Le deflects the same needle to 
jleft 

There have been many patents obtained for modifications of 
ttte needle telegraph ; but they are all identical in principle with 
Tiginal one of Messrs. Cooke and Wheatatone. One of the 
llijects that it has been the endeavour to attain, is a dead beat 
{ the needle without any vibration. It is now the practice 
ose a piece of lozenge-shaped magnetized steel instead of a 
needle within the coil, that form having been found to be more 
eenaitive to the action of the voltajo current, and to produce less 
vibration. 

One arrangement of the needle telegraph quite distinct from 
the foregoing, is the magneto-electric telegraph invented by Mr, 
Henley. We have alrwidy noticed several attempts to apply 
Bwgneto-electricity to telegraphic purposes, but that of Mr. 
Benley is by fiir the most successful. Two armatures, in close 
roximity to strong permanent magnets, ai'e made to revolve 
ujidly by strikiiig down projecting levers ■, a.nA ^.Va 
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iting wires that react on the magnetic needles, and 
Hum to be instantly detlected. 

Tbia electricity gentirated in tliia mtuiner is sraail in quantity, 
Knd of comparatively great intensity, therefore mure liable to be 
direrted from tlie circuit by imperfect iusulation. Another 
Jifficnttj which this form of telegraph has to contend with i^ 
tluti the needle sends signals in one direction only. Two com- 
mnmcating wires are consequently required to obtain the sauM 
otnulunatitin of deflections that can be given with a single win 
IfhtB a voltaic cuiTent is transmitted. It is a great advEntage 
(^'tbia ^^tem that it dispensea with the use of voltaic batteries 
whiMih are very troubleaome and espenfliTe; and it remi ' 
qnwtion to be determined by practicwi experience, whethi 
MWitage is sufficient to counterbala.nce the objections attending 
th4 TMe of the magneUi-electric telegraph. 

The electric telegraph instrument formerly used on all ll» 
telegraph lines in France was invented by M, Breguet 
tnunnnite symbols resembling those of the Bema.phore. Moveable 
arwM, working on centres, ore made to assume positions at' 
certaili angles in the circks they describe, and the combina^ 
tdons tif those different positions in the two arms allow of tha^ 
expreesing a great variety of symbols, which correspond with U» 
code of Ute diaoaFded Mm&phore. 

We h&ve heard this kind of signal talegn^k higUy oaaaaeaM, 
and have seen it working with great rapidity aod [ffecdaiDQ. It 
possesses the advantage, from tie great variety of oombiuatio» 
of which it is capable, of not requiring socoeaaiTe actiona to 
indicate any letter of the alphabet or numeraL The movementa 
are effected by electro-magneta, which give lotftiy motion to 
wheels that carry round the anas; and the aooumoy with whxk 
it is necesfittTj that the semaphore should be pointed to the 
required angles renders very nice adjostment of ttie ' 
indispensable. 
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tBlegiHph— Modification of it bj tho Elwstric Tolfgraph Companj— Bain's 

dotting Iflegraph— Bntt'fl printing telogruph — Copying telograph — Mode of 
tnoBDiItting copies of writing — Regnlntion of the instruments-- Itopidity of the 
Boppng pruoeag — ilvun of muntuning eecrecy. 

t tie telegmpiiie aignal inatruments, the synibola are exhibited 
I inetant and disappear; those ve are about to desci'ibe 
1 on paper the messages they tranainit. More en-ors occur 
i reading the evaitescent signals thttn in the transmission of 
taa ; but as the recording instnimenta impress what is tran»- 
itted, the message may be read at leisure when the whole is 
mpleted. 

OTie most Buccessful of the instruments that impress arbitrajy 
ffibols on paper is that of FrofeesorMurse of America, invented 
: 1837, and since considerably improved. The transmitting 
t of the instrument is of the vety simplest kind, and might 
> oturied in the waistcoat pocket. It coTidsts only of a key, 
IS the key of a musical instrument, which, on being pressed 
1, makes connection with the voltaic batteiy for a ahoi-ter or 
ir duration, according to the time that the linger of the ■ 
rator is pressed upon it The receiving instrument ia more 
mplicated. By means of clock mechanism, a small drum, 
and which a long atrip or ribbon of paper is rolled, ia made to 
rolve. The paper as it is unrolled from the drum passes under 
lever attached to the keeper of an electro-magnet, armed with 
projecting point When the electro-magnet is put into action, 
le lever is drawn down on the paper, and the point makes an 
dentation in it As the paper is continually drawn along, the 
ng& of the indentation varies from a mere dot to a long 
roke, according to the time that the lever continues to be 
1 against the paper ; and by varying the duration of the 
re of the paper on the transmitting key, dots or strokes 
s impressed on the paper at the receiving station. Convcn- 
1 8)riabo]icaJ alphabets have been arnuigei, ^s^ ' 
I of the dots and strokes, ^hicli, ■wi.fti & ^^ 
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may be eaailT read. The q^bolioal eilplialMt 
ack^pted in thiB coimtrT, \mak a mfMtifiimtion ol 
la uaedy is reporeeented m fig; 111. 
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Ab the mechanical power required t6 impven maxfa on fte 
paper 18 stronger than could well be tratiaiiuttoddireoUgr throng 
the long circuity a local Yoltaic batteiT and magnet mtemasfLajtA 
to do the work ; and they are brooi^t into action 1^ means d 
a small electro-magnet, smroanded hr a great mnnber of ei» 
▼olutions of Yerj &ie wire, that nuij be aotoated faj iiie feeUi 
intensity current transmitted by the .commnnioating wiza Tkk 
kind of tel^iraph is eztensiTely used, in the United Statea andoa 
the continent, and it is coming into general nse in thia ocmnU y . 

In the modification of Professor Morse's iualnim eptB» as vm 
by the Electric Telegraph Company, the marks on the paper 
are made by the agency of electro- chemical decompofiitioD, I 
and not by mechanical pressure. The application of electro- 
chemical decomposition to telegraphic purposes was first adopted 
by Mr. Davy in 1838. His plan was to moisten paper in a 
diluted solution of nitric acid and prussiate of potaiss, and to 
send a voltaic current from the positive pole of the battery 
through a steel wire pressing on the paper. By the action of 
electricity, the oxygen of the acid attacks the steel wire, and a 
deposition of iron is made on the paper, and it is converted into 
Prussian blue by the prussiate of potass. The arrangements of 
Mr. Davy's recording telegraph need not be described, as they 
were never made practically available ; but his Efystem of marking 
paper by electro-chemical agency has been successfully applied 
to other telegraphs. 

In 1846, Mr. Bain contrived a modification of Profiassor 
Morse's system, in which the marks are made by Mr. Davy's 
process. The transmission of symbols in this telegraph of Mr, 
Bain's is not effected by a key moved by hand, but metallic 
contact is made and broken by mechaniccJ means. Apertures 
are punched in a strip of paper, to correspond with the dots and 
strokes intended to be impressed on the paper of the receiving 
instrument The paper message wben th^ia ^^yared^ is nAssed 
lapidly over the peripbeiy oi a ms^al "wWS, «bA. '^ "^ 
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fting, connected ■with h voltsdc battery, pressre on the paper as 
passes along. The spring, by pK'Ssiug through the holes, 
mcbea the wheel, which is conorcted with the other pole of 
i batteij, oad thus completes the Vfltaic cireuit, which ie 
un broken when the spring rests on the iusiiLiting p»]>nr. 
•. Davy's prepaj^ paper U applied at the reci'i%-iiig station, 
nd the effect of the action of the twu corresjionding iiMtru- 
jeots is to transmit dote and strokes, marked in Prussian blun 
I the paper at the receiving station, agreeing with the smallur 
id lai^r holes punched in the strip fiassed through the trans- 
litting instrument The annexed diagram I'epreseiits a piece of 
B punched paper with the symbols of the word " Bain." 
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The rapidity of traiiriDiiMi'iii by tliia muiina c\t'i'-t;iis llial. of 
ly other telegraph. As many as 1,000 letters a miuute are said 
t have been tnuismitted from. London to Manchester ; but the 
1 required for punching the jiajier preparatory to sending n 
aage, is a serious drawback to the genoi'al use of the system, 
td it is consequently not adoj)t«d. 

The Electric Telegraph Company, when they employ any 
" r instniment than the needle, use that of Professor Morse, 
, „ I the Bubstitntion of electro-chemical marks for those pro- 
duced by mechanical pressure. This plan, though it is caJlod 
"Bun's printing telegraph," is, in tact, Morse's telegraph, with 
Davy's chemical marks, and is distinct Irom Mr. Bain's inven- 
tion, the essential part of which was the prepmration of tho 
message by mechanical means. The rate at which nietMagiis can 
be transmitted by means of the key with a single comnniuiiiating 
wire, is about sixty letters a minute. The traasnuHsion, how- 
ever, requires the ntmost attention on the part of the o|ierator, 
who cannot continue to tr&namit at that rate fur a continuance; 
Among the early inventions of recordine telegraphs were some 
that printed letters from metal types. Professor Wheat«tone 
and Mr. Bain disputixl for the honour of being the inventor of the 
first printing electric telegraph; but thdr instmment« did not 
attain such a di^gree of prvfectjon lui to render tlii'm pracUadly 
UBpftiL Mr. H'fUiP. of America, and Mutwequeuliy i' ~ 
have, hcwf vtr, ^un'tr.iii-tl in producing jiriuting t*leg 
work efiVotii. )v tliriuith long circaita, T\it v 
plicated, bM 
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easily uadeKtocKL A small wheel, that revolves by the agencr 
K}t TlLvcpvoiajni^tiAm, carries on its circumferenoe mietal typeBoif 
e^ich lecter of the alphabet, which are inked as the wheel tons 
r.'aud by nibbing on the sur&ce of a small inking roller. At 
otie pun of the circumference of the type-wheel there is a ribbos 
of y^yer close to the types, and by the pressure of the paper 
a^aiiLSi: the wheel the letter that is opposite to it is piinted. 
The movement of the type-wheel is regulated by the operator it 
the transmitting instrument, who, by bringing an index to pomt 
on the dial of his instrument to the letter required, it at tiie 
same time causes the type- wheel to move round, so as to biing i 
cv>rresj)».>nding letter opposite the paper. A local electro-msgnet 
i;» thou put in action ; by which means the drum on which the 
j^ajHrT rt'sts is pressed against the type, and the letter is printed. 
As eiwh letter is thus printed, the strip of paper is moved onwud 
aK^ut a quarter of an inch to leave a clear space for the next 

The action of the printing telegraph is rather slow; but it ii 
workevl with a single wire. We have not seen it working fiister 
thdu at the rate of forty letters a minute; but we are informed 
chiic it can print sixty letters in that time. One peculiar advan- 
tage of Mr. Brett's arrangement is, that the type-wheel is placed 
ill ovrrect possition at the end of each transnussion ; so that if by 
:iiistake au error is committed, by printing one letter instead of 
.mociKT, that error is not continued to the next letter, for the 
•\ i^.-\% lieel L* atljusted to start from zero before the next move- 
uvii; v»t" the index. All pi-eceding printing telegraphs were 
• *ja' t«.» i»eri.>etuate en-ors whenever a single one had been 

•v A»i':^iug telegraph, of which the author of this work is 
.t^ ivMiiior. trausniits copies of the hand- writing of corre- 
fs IMie avUimtages of this mode of transmission are, 
. \ : 1 1 a II n I U-at ions niiiy be authenticated by the recognised 
> c I lie |.»artiefii by whom they are sent, and as the 
v^v»^t\i is ti-acvd fivm the original message, there can 
u^iuciuiissiou ; for every letter and mark made 
A' viHiisst'enwl exactly to the other instrument, 

\ iwwtil mode of marking the paper, invented by 

.iaI i'l tiie ei^pying process. The writing is 

At ill a s^)lution of piTissiate of potass and 

v'l' sttvl wii-e ser\'ing for the pen. The 

i ^'N Under about six inches in diameter, 

.\*\vi \\ith the copper end of the voltaic 

V »ua i* carried slowly along by a screw 
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rrent passes tmintemiiitedly from the wire throtigh the paper 
ihe oylindei' whiuh ia connected with the zmc end of the 
iMeiy, lines are drawii upon it at the aanie distance apaj-t as 
llfl threada of the screw that carry the point. These lines are 
I &ct but one oontinuouB spiral line, oommencing at one end of 
B oyUnder and ending at the other, 
Tte commuuicatiou to be transmitted ia written on tin foil, 
lipjied in vai'uish. Thin sealing wax varnish, made 
i: dissolving sealing wax in spirits of wine, answers the purpose 
8 it dries very quickly, The letters thus written form on 
« iX)Rducting metal aurioce it number of non-couducting marks, 
'Ecient to intermpt the electric current, though the deposit 
reainoua matter is so slight as not to be ])erceptible by the 

The message on tin foil is fixed round a cylinder at the trana- 
Ettdng instrument, which instniment is a counterpart in its 
bobuiical arrangements of the receiving one, and either of 
m may be used to transmit and receive messages. A metal 
ie in connection with the voltaic battery presses on the tin 
[, and it is carried along by an endless screw as the cylindM" 
rolves, exactly in the same manner as the steel wire that draws 
lee on the paper of the receiving iuatniment. The varnish 
[iting, when it iuterjiosea between the style and the tin foil, 
m the electric current ; consequently, at eveiy part where the 
trio current is stopped by the varnish at one instrument, 
B ateel wire ceases to make marks on the paper at the other 
ition. Both iustruments are so regulated that the cylinders 
b&te exactly together, therefore the successive breaks of the 
Wteic current by the vamish-letters cause corresponding ga|iH 
be made in the lines on the paper; and the s 
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' auceessive (J^aps where the letters oci 
T of the receiving inattmivetA "Cae k 
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colour on a gi-ound of blue lines, there being about nine orffflf' 

liiiea drawn by the wire to make one line of ■«rritiBg. lu tlie 
(liagTBm, A ^hows the writing on tin foil, from which tltu cop; 
is made in the form shown at a 

By a recent improvement in the mode of writing the m«f«Bg«, 
the letters are tranBmitt«l impressed in dark characteis on a pals 
or white ground, as in ordinary writing. The tin foil is in thiJi 
case first prepared with a thin coating of vamieh, and the inlc is 
ooni[iosed of coloured caustic soda. After the message ia written, 
a wet sponge readily clears away the varnish from the lettoit, 
and leaves the writing metallic on a non-conducting aur&c« d 
varnish. By this means marks are made on the paper onij' 
where the style of the transmitting instrument presses on the 
letters. If we supjKJse the strip b to he the tin foil message pre- 
pared in this manni^r, then the upper strip a would represent liie 
writing transmitted. 

It is essential to the correct working of the instruments iitti 
the cylindei'B should rotate exactly together. This synchronons 
movement of the two instruments is effected hy means of regu- 
lating electro-magnets, aided by a "guide line" on the traafi- 
mitting cylinder. 

The moving power of each instrument is gravity, acceleiatal 
motion being prevented by a mpidly revolving fan, which pnv 
dnces a very steady movement of the cylinder. The speed may 
thus be very easily varied by adding or hy taking off weight. The 
" guide line " consists simply of a. strip of paper pasted acnna Ihe 
tin foil at a right angle, as shown at c. That strip of p«tper 
effectually stops the electric current, and leaves a gap of eqnal 
breadth in each line drawn on the prepared paper of the receiv- 
ing instrument If the receiving instrument be moving at 
exactly the same speed as the transmitting one, these gaps in 
each line will be in the same relative positions, and will fall 
under each other on the receiving cylinder, making a broad white 
stripe corresponding with the strip of paper on the transmitting 
cylinder. But if the receiving cylinder be moving faster than 
the other, the gaps in the lines will not fall under one another, 
but every one will be farther towards the right hand. By 
noticing the position of these gaps on the paper, it may be seen 
exactly bow much faster one instrument is goiug than the other, 
and weight may be taken off the receiving instrument until the 
gaps form a continuous stripe. In this manner the two instra- 
ments may be regulated to move together. It is immaterial at 
what distance apart they ai-e; for if they he in the same room, 
or two hundred miles from each other, the same plan of adjust- 
ment must be adopted. 



iuppoong the mechanism of the mistrumenta to be very good, 
I that there were no irregiiLirities on the surfacea of the 
aiders, the plan of regulating by means of the guide line alone 
old be sufficient for the copying procesa. Legible writing 
y, indeed, be obtained iu that manner, but not with suf- 
ent accuracy and certainty to be depended on in ordi- 
y working operations. To secure the requisite degree < 
nracy and certainty, an electro-magnetic regulator ia naed, 
b may be brought into action by meanii of a second c< 
ating wire or by local action altogether ; in the latter c 
gle wire only is required to work the copying telegraph, 
heu two wires are employed, one of them is used for the 
that regidates the instruments, the other for 
nsmitting the current that marks the paper liy electro-chemi- 
decomposition. The annexed diagram will assist in explaiu- 
; the mode of regulating the instrmnenta when a separate w' 
for that purpose. 




A side view only of the two inatniments i» given, without 

their stands or other meiihanism than that which appears on the 

ide of each ; the trains of wheels propelled by the weights 

■i)>Blig contained within the cheeks A A and b s, and the cylinders 

on the opxwsite aides. The wheel d is fixed to the pro- 

j arbor of a fast-moving wheel next to the fan, and it 

s twelve revolutions to one of the cylinder. Two springs 

^ iijgulated fi-om the instruments by being mounted on wood, 

1 by wires o z to the voltaic battery, and to the 

fieetro-magnet M on the other instrument. The other end of the 

(oil of wire round the electro- mi^net ia connected >■"*■'' the 

oltaic battery, so that when the two a^rm^a < 

-■ \ w&^eto t' ' 
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inBtantiy brOQ^t into ftoiioiL lUdB dooms cbebo 6VCKy nvd^ 
tion of the wheel T>^ hy the pfogecting part ^ [iiiwing Ae tw 
fprmgB together. The wheel b on the iDstnmeiit ▲ is iaai « 
to the arixnr of awheel oorcei^wiiding with thai of n, udlikB- 
wise makes twelve revolutkmB to one tevoliitioa of the ^plindv. 

The keeper K of the electro-magnet has an ann or lever l 
added toi^ which reaches to the cmmmferenoe cf the wfaedli^ 
jUkdf when the keeper is atteaoted by the magnet^ roha agamrt s 
pojeoting part of the oircamference o, and thus operates ai a 
DrecJ!^ to check the motion of the insiariimaa^ inregnlaiingtbB 
instruments to rotate syndnonously hf these neans^ a heavier^ 
weight is put on a than on B, to cause it to rotate oonsidenUy* 
fiistor than the other when the break is not i^yplied. But irhea 
both instruments are set in motion^ the leFer bemg polled doiwD, 
each time that the springs are pressed together by the "wkdA T^ 
the break is thus put in operation just suffioientty' to make Aa 
movements of the two instruments correspond. 1^ niiwairsign 
ment it will be observed that one instrument regulates m 
other ; and it has it under such complete control, that if the 
speed of B be diminished, the movement of A wiU be retaidad 
hy the longer continued action of the break, and be made to 
rotate equally slowly, and even to stop by stopping the mo- 
tion of B. 

When the instruments are worked at a distance firom each 
other, the electro-magnet M is put into action by a local battery, 
and the contact is made and broken by an intermediate small 
electro-magnet, as in Mr. Morse's telegraph. In that manner 
the copying telegraph has transmitted messages with perfect 
accuracy from Brighton to London, and with a pair of instru- 
ments recently made for the French Government, copies of writ- 
ing were transmitted along the wires from Paris to Nantes, a 
distance of 300 miles. 

When a single communicating wire only is used, the instru- 
ments may be regulated independently of each other by means of 
pendulvuns. Clock-movements, with pendulmns that beat four 
times in a second, are employed at each instrument. These 
pendulums at every vibration strike against springs, at each 
contact with which the electro-magnets which regulate the 
instruments are brought into action. 

The arrangement of the mode of making and breaking oontact 
by the pendiilTmi will be easily imderstood by the diagram. The 
pendulimi D is connected by the wire c to the electro-magnet IL 
The springs s sf are connected with the voltaic battery v, item. 
which a wire z connects with the other end of the ooil of the 
eiectit>-n2agnet. It will be e'vident, ^ikewi'at^, ^Soaib ^liWsDL ^^Mti 



■iim uL wrtea against stf, the voltaic circuit w 

■ the magnet, which is brought into action in , 

^"■"ruTOents as rapidly tm the pendulum beats, i 

Ls its regulating magnet ami penduinm, and ! 



!he guide line serves to indicate with the greatest accuracy 1 
Iddier the pendulums at two corresponding utationa are beat- 
g together ; for if one be\ vibrating faster than the other, the 
"de line on the paper will be slanlJug instead of perpendicular; 
1 by meana of an adjusting screw to raiae or lower the pen- 
nltim bob, the two may be readily adjusted to beat together. 
1. this manner a variation of even the thousandth part of k i 
1 may be observed and corrected. By iinprovemeiitB I 
itly m[u:le in the plan of working the inetrumenta uii a il 
acted system, they niiiy be regulated when using a single I 
e without the intervention of pfuduluma I 

It may probably be Bujtposed, because the metal style has to I 
(pua over each line of writing nine or teu times to comploto it^.J 
Bithat the copying process must be necessarily slow; but it is, on thvl 
BoostiBry, tbe quickest mode of transmission yet invented, with V 
Itiie exception of Mr. Bain's. A cylinder sis inches in diamete 
rwill hold a length of paper on which one hundred letters of thi 
I alphabet may be written in a line. Whi'n the inatr uments a 
I working at their ordinary speed, the cylinder 1 
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each line of writiBg, the rate of transmission is three hmdred 
letters in a minute. Much greater speed than that has been 
obtained ; and there is, indeed, no limit to the rapidity of trans- 
mission other than the diminishing strength of the mark on the 
paper when the decomposition is extended over a larger surfkce. 

One of the advantages which the copying process also possesses 
is the means it affords of maintaining the secrecy of correspon- 
dence. It is now customary for those who wish their communi- 
cations not to be known, to transmit messages in cypher, by 
which certain letters or figures have significations given to tiiem 
which are only intelligible to the parties corresponding. This 
plan has the serious disadvantage of being very liable to error, 
because the clerks engaged in transmitting such a message are 
purposely kept in ignorance of the meaning of the symbols they 
transmit. By the copying telegraph, whatever symbols are made 
on the tin foil are transmitted as accurately as if written in full, 
for no manipulation whatever is required, the effect being pro- 
duced altogether by mechanism. 

There is also a special mode of maintaining secrecy by trans- 
mitting the messages impressed on the paper invisibly. If the 
paper be moistened with diluted acid alone, the iron is deposited 
on the paper, but no mark whatever is visible, and the paper 
remains blank until it is brushed over with a solution of prus- 
siate of potash, which instantly renders it legible. In this 
manner messages may be transmitted without any one seeing the 
contents ; that part where the name and address are written 
being alone rendered legible till the message is delivered to the 
person for whom it is intended. 

The author trusts he shall be excused tor having described 
thus fully his invention of the copying telegraph. It is very 
probable that he attaches more importance to it than those who 
are not so specially interested may think that it deserves ; but 
he has received the assurance of some scientific gentlemen who 
have been the longest and the most successfully engaged in such 
undei-takings, that the copying of writing is the beau ideal of 
telegRipliic communication, and that sooner or later it must 
supersede all other means of corresponding by electric telegraph 
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ELECTHO- MITALLURO Y. 

ma to the dieMToiy— Deposition of mcUle from tbdr solutinns — 

of the pmcesa on seoondurj reaoUs — Rotiunale of Ibe liepoaiCion of 

us from (lieir Bolutions — Apparent snoiiialj of deposition in h eingie cell — 

nation of moulds— Copying medals — Rediiplicadon of copper-pUto ODgrsv- 

— GJ^hograpb J-— ElecLrO'pIadng and ^Idmg. 

mportant application of electricity to workiiig in metals is 
even more recent date than the invention of the electric 
ie^praph. The fact that metals could be " revived" from their 
httions by means of electricity was, indeed, known at the 
gjiming of the present centuiy. In 1805 Bmgnatelli gQded 
iHTge silver medal, by connecting it with the negative pole of 
roltaic battery and then immersing it in a solution of ammo- 
nret of gold ; but, strange as we now think it, the practical 
e to which this peculiar action of electricity might be applied 
T not occur to hun. Mr. Spencer of Liverpool claims to be the 
it who discovered that the deposition of metals by electrical 
eocy might be rendered useful in the arts. He states, that 
en experimenting in 1837 with & Daniell's battery, he used a 
my instead of a plain piece of copper for one of the poles, and 
t on removing the wire which connected the penny with the 
ty, he pulled off a portion of the deposited copper, which he 
1 to he impressed with a counterpart of the head mid letters 
■the coin. Even this did not suggest to Mr. Spencer any 
' d application, until he accidentally dropped some vamiah on 
oe of copper similarly connected with the negative pole, and 
I observed that no deposition of copper took place on those 
B covered by the varnish. It then occurred to hiTii that by 
Tering a sheet of copper with varnish or wax, and cutting a 
'_a through it so as to lay bare the metal, the copper would 
1 deposited from the solution of sulphate of copper in the lines 
the design cut through the wax, ajid would adhere to the 
r&ce of the plate, producing the figure in rehef 
The experiments by Mr. Spencer were not made kiiown mitil 
"9, after Professor Jacobi of St. Petersburg was anf **i 

e taade a aimilar discovery. Indeed, \>rfoTc 'iJof 
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i! .1- |M.i.- i.r' r.I.t.. Utttrrv, HCTV»f.-j the double i»ur|»ose of tninsniit- 
! '..^ 'li*- '. <'ltai<; action to the fluid in which it is immL'rsed, auJ 
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■ DEPOSITION OF UETALS. STfl 

"keeping up the supply of sulphate of copper by its combiua- 
n with the sulphur ucd oxygen of the decomposed solution, 
"the (iepoajtlon of the metal on the medals proceeds. In the 
»in? three medala are rejiresented suspended hy wires from^ 
^ the wire <1, which is attached to the copper plate of the 
Itaic battery a, is comiected with the plate e, and the ziuc of 
^3 batteiy is connected with the medals by the wire c. An 




current is thus established from the plate of copper e, 
the sulphate of copper solution to the medals. The fluid 

thus decomposed, and the oxygen of the water is directed to 
tbe plate of capper e, and the hydrogen is directed to the medala 
Keither gas is, however, liberated in a gaseous form. The hydro- 
g[en, ^e instant that it is liberated &om its association with oxy- 
pfa of the water, combines with an equal quantity of the oxygen 
that holds the copper in solution, to furm the sulphate of that 
metal, and the cop^ier is deposited in a metallic state upon the 
medal The oxygen liberated at plate e, combines with a par- 
ticle of copper equivalent to that which is deposited on the 
medal, and that being imniediat«]y dissolved in the fluid, main- 
tains it in the state of a saturated solution of copper. 

The deposition of the metal from its solution is the result of 
a variety of luther complicated chemical actions. The strong 
ttffinity of o^gen for the hydrogen, with which it was combined 
to form water, is first overcome by the influence of the electric 
force. The oxygen, liberated at the plate e, immediately enters 
into combination with the sulphur in the solution to form a 
fresh particle of sulphuric acid ; the hydrogen, freed fi'om its 
combination with oxygen, is transferred to the medals, and iti 
affinity for oxygen being greater than that subsisting botweea . 
tiie oxygen and the cupper held in solution, the hydrogen n 
enters into combination with oxygen aai ^oTni% *, ^Te^ "^"^ 
whilst the copper is set &ee in ita iBg\«£^ *;^ft ' 
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deposited. In all the processes of electro-metaUurgy, wheiher 
they consist in the depositions of copper or of other metals fron 
their solutions, the same chemical actions and reactions take 
place ; the hydrogen in every case effects the deposition of the 
metal by combining with the oxygen which holds the metal in 
solution at one pole of the battery, after having been separated 
from an equal particle of oxygen at the positive pole. There ib, 
consequently, throughout the process a continual decompositioii of 
water at one pole of the voltaic battery, and a recompofiition of 
exactly the same quantity of water at the other pole. 

One of the simplest illustrations of metallic deposition hj 
electro-chemical action is afforded by the following experiment 

Put a silver spoon A (fig. 117), into a glass con- 
taining a solution of sulphate of copper, and 
into the same glass insert a piece of zinc, z. No 
change will take place in either metal so long 
as they are kept apart, but as soon as they 
touch, copper will be deposited on the spoon, 
and if it be allowed to remain, the part im- 
mersed will be completely coated with copper, 
which will adhere so firmly that mere rubbing 
alone will not remove it. The same effect 
takes place, if instead of bringing the metals 
into contact in the solution, they are con- 
Fig. 117. nected externally by the wire c. 
The foregoing experiment represents the electrotype process 
as carried on in a single cell, the metal surface whereon the copper 
is deposited then forming the conductiog- plate of the voltaic 
arrangement by which the electricity is generated. It must be 
observed that, in this single-cell arrangement, the deposition 
takes place on the conducting-plate ; whereas, when the oj^era- 
tion is conducted in a separate cell, it is on the plate connected 
with the zinc that the deposition occurs. In order to explain 
this apparent anomaly, let it be remembered that the metal is 
always deposited from its solution on the surface into which the 
electric current enters, and that that is the negative pole of the 
battery. The electricity excited by the zinc passes through the 
fluid and enters into the conducting-plate; therefore, when the 
deposition takes place in the same cell, the metal is deposited on 
that surface ; but when the electric current is transmitted through 
a wire into a separate cell, it then proceeds from the conducting- 
plate, that wire becomes the positive pole of the battery, and 
when introduced into the decomposing cell, the electric current 
passes from it to the metal surface connected with the other, or 
negative ]^oIq, on wliich accor^ttng\y ^\iei ^e^Q«i^ \a^^ ^^^a^fc. 




ELECTROTYPE PROCESS. ^^M 

HftTing, we trost, made the ratiomzle of the electrotype process 
eUigible, it is only necessary to give a general explanation of the 
lies ot' operating, Those who desire t^i pursue the'art practically 
1 do well to consult the able and compenilioua treatises on 

I Bubject by Mr. Napier, Mr. Sniee, and by Mr. C. V. Walker. 
Ihe &st application of the electrotype process whs to the copy- 
; of ancient coins and mtidala, a.nd that continues to be the 

xapal nae to which it is applied by amateurs. To obtain a 
Binile of a medal, it is necessary in the first place to make a 

mid, to serve as a matrix for the copper to bo deposited upon, 
a may be done, when circiunHtances will permit, by obtaining 
electrotype directly irom the surface of the medal To do 

'i, the Burfaoe whereon the deposition is to take place must be 

II cleaned, and at^rwarda smeared over with a minute quantity 
iweet oil, or with black lead, which is requisite to prevent the 

i copper from adhering. The thinnest possible film of 
! should be allowed to remain, for even after the medal haa 
a nibbed witli dry cotton- wool, sufficient will adhere to effect 
n foim the deposit. It is evident that only one face of 
B medal can be copied at a time, therefore the side not to be 
etated on must be protected by a covering of wax. The pre- 
ion of the medal is completed by twisting a fine wire 
1 the edge for the purpose of suspending 
'in the copper solution, and of connecting 
with a piece of amalgamated zinc 
L The d«!omj)OHing apparatus may consist of 
- {e preserve jar (fig. 118), to hold the solu- 
of sulphate of copper, and a jiorous 
1 c placed within the jar to contain the 
Pill the porous veesel to within a few 
B of the top with a mixtm^ of sulphuric 
i and water, in the proportion of one of 
) t« twenty-four of water, taking care that 
e solution in the jar, and the acidolated water 
B porous vessel, are nearly on the same 
BreL The medal e suspended by the wire is 
^en immersed in the jar, and is connected 
tith the zinc in the porous vessol by the wire p, ,,g^ 

ti, BB shown ia the diagram. 

'This arrangement may be considered as equivalent to a single 
lU of a Daniell's battery, in which the medal represents 3»e 
ddncting-plate. The electric action ia established as soon as 
e ainc and the copper ai'e immersed ; the deposition of the 
1 the medal inimediat«ly be^na, oni it ^ con&soaA 
l^tuned. In tweotg-^oos ' 
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r DEPOSITION. 

!, to make a second depoait on 

1 a &c-simile with, the lines engi-aved. 

H elearlj the beauty of the electrotype pro- 

" « of copper-plate engravings. The fiiest 

illy copied, and it is impossible to distinguish 

r the electrotype from the proof impression 

3 expected that this mode of multiplying 

)gs vould BUjiersede engi'aviug on gteel 

B been found in practice, that the copper de- 

s sufficient hoi'dness to resist the wear and 

e printing. This objection may, however, be 

lere vere displayed in the Great Exhibition 

p'depoaited by el»:rtro-chemical decomposition, 

IS the iimmess of liammered platee. 

J application of electro-metallurgy to the fine 

« called ^yphograpby. It consists in depositing 

f copper a design in relirf, that may be printed Irom 

»-prees. The surface of the copper plate is coated 

' rough which the design is cut auffioiently deep to 

BtaL This plate is then electrotyped, and copper is 

I all the lines cut through the coating. By this 

9 ia left on the plate, when the wax. is removed, 

fepy of the design in relief, bo bold as to be printed 

B is, in fact, the original process invented by Mr. 

~ I advantage it posseases over wood-engraving ia 

y of shading by "cross hatching," as it is termed, so 

'& an etching on copper plate. 

IB or failure of the electrotype process depends very 

i preparation of the copper solution, and on the 

t the voltaic battery. A perfectly saturated solution 

~11 adapted for the purpose as such a solution diluted 

irth part of water. To prevent it from becoming 

y the deposition of metallic copjier, some crystals of 

e are added during the procees. 

mee determined the laws that regulate the deposition of 

n different states. The strength of the battery, in relation 

A strength of the solution, causes the metals to be deposited 

as a black powder, in a crystalline form, or as a flexible 

The metals are deposited as a black powder when the 

Hit of electricity is bo strong that hydrogen is evolved from 

> modal or negative plate in the decomposition cell. The 

s state occurs when there is no evolution of gas, and 

Ktmdeney thereta The r^ular deposit takeaolw^^' 
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the last eaao, bat is not snfBeieattj' rtroogio ewuwjthg tfwiittfiiei 

ofgaa _.__i_j^ 

The art of elcxstiio-metalliizgy' hts boon- moKB iniwufl^jjf 

practiBed in plating and gilding than in aaj otiber mj. !• 

appreciate the advantage c$ the prooeoi of eieofcro-pltttanA it k 

requisite that the mode of mann&ctcunng plated artiete bf fli 

ordinaiy means should be nnderstood. A thiokplaie of irihM 

is attached to an ingot of oopper, and the. melali^ affeor-bdag 

heated, are passed throng zoUerSy nntSl tfaegr are xedoeed into t 

thin sheet of ^ted oomter, the silyer being eqnallj a p roa d ow 

the snifiice. The plated copper is then out into pieoe% pnnioiwl 

into the required forms, and soldered together; the intnor 

being filled with melted lead. Such artidfls cannot be oa^ 

mented by engraving or dbasLng, bat- by milling and pandbim 

only. "Wiien the process of electro-plating is ^aed, the aiiiflki 

may be cast, or put togeth^ in any convenient metiiody aad 

the most elaborate designs may be worhed in metal, idiioh, ca 

beiDg afterwards coated with the porest sUver, preaent m 

appearance in every respect equal to the finest wodka in fts 

soHd metal 

The operations for electro-plating difler in aevenl pavtiunkn 

from the ordinary process of the electr oty pa The sin^e-eell 

arrangement which has been described, is inapplicable to the 

deposition of one metal upon another of a different kind. The 

plan of having a separate battery, with two or more combinationB 

of plates, is indeed necessary even in the deposition of copper 

upon copper, when the operation is conducted on a large scale, 

and the electric current has to pass through a considerable 

resisting medium. 

To effect the deposition of silver or gold upon metals that 

are oxidizable, a peculiar kind of menstruum is reqxdred; 

for if the silver be held in solution by an acid that will attack 

the baser metal, no electro-chemical deposition of metallic silver 

can be effected. The menstruum that is found most suitable for 

the purpose, is a solution of cyanide of potassiunL There are 

various modes of preparing the solution and of dissolving the 

silver, but the cheapest and best, as recommended by Mr. 

Napier from practical experience, is to dissolve the silver in a 

solution of cyanide of potassium, by the action of a voltaic 

battery. The proportions mentioned are for operation on a 

large manufacturing scale, but the quantities may be reduced 

according to the requirements of the amateur. The directions 

he gives are as follow: — "Dissolve 123 ounces of cyanide of 

potassium in 100 gallons of water', ^«t csnaft ot two fiat parous 

vessels, and place them in this aoVuVaou t» ^^nJiXaai\tf^ «a^\si^^ 




I moutJi, and fill them to the name height with the solntdon ; 
these poniua veasela place small jilatee or aheets of iroa or 

pper, ^K*! Miunect them with a zinc tenniiud of a battery ; in 
B large solution place a sheet or sheets of silver connected 
th the copper tenainal of the battety. This arrangement 
ing made at night, and the power employed being two of 
oUaston'B ba^tteries of five pairs of plates, the zincH sereu 
diea sqnafe, it wUl be found in the morning that there will 

diflBolved from 60 t« 60 ounces of silcer firom the sheets. 

B BolutioD ia now ready for use," The strength of the solu- 

II reconiroended is that of one ounce of silver to the gallon. 
During the proceea of plating, the sheets of silver immersed 
the solution gradually dissolve a» the metal is depoaited, and 

■tioB means the solution ia maintained at the same strengtb. 

[n preparing articles for plating, they must be completely 
ed &om grease by washing in an alkaline ley, and dipped into 
ry lUluted nitric add to remove any traces of oxide. The 
feet IB then suspended in the decomposing trough and con- 
Eted with the negative pole of the ba,tt«ry, the positive pole 
bg placed in connection with a sheet of silver in the solution. 

is immediately deposited, and the plating process pro- 
ids as long aa the object continues ijumersed. An ounce and 
iftlf of silver to one square foot of surface gives an excellent 
rting. 

The artides when taken out of the solution are white, the 
rer being afterwards polished on the paila required to be 
ight. A. bright deposit may, however, be made by adding 
little sulphuret of carbon to the solution. When a thin 
Udng of mIvot is deposited on a liright surface, the silver is 
I bright. In oitler to obtain a coating of dead silver on a 
1, it should have a thin film of copper deposited over its 
e before it is immersed in the silver solution, by which 
I the silver, even when very thin, will be whita 
Id operating on a large scale, the decomposing trough is 
is of two yards long, one yard deep, and one yard wide, 
mtains about 250 gallons of the solution. At Messm 
kmgton's establishment at Binolngham, several of these 
m^m ore in continual use. The silver plates in a single 
rt^ expose a surface of nearly thirty square feet, and the 
tioles to be plated are suspended from metal rods that are cou- 
ld with Uie positive pole of the battery. The voltaic bat- 
I used by Mesara. Elklngton generate lai^e qiiautitiua of 
otridty of low intensity. When we iuMpected their nianu- 
, the deposition of eaeh troTigh -was eSertAei \ij 
"^ '*" ' " \ -were tliree Ee^ ^dik^ \ 
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inches wida Mr. Napier, however, reoommesodB hattariee wiiii 
smaller plates, with several combiiied in a series, to increase tiie 
intensity of the electric conent. 

The operation of electro-gilding veiy closely resembles that of 
electro-plating. The gold solution may be prepared by disBolT- 
ing gold in a solution of cyanide of potassimn in the same nuumar 
as the silver, but the liquid should be heated. The strength of 
the gold solution need not exceed half an oanoe of gold to tbe 
gallon, and a sufficiently thick coating of the metal is deposited 
in two or three minutes. Yohaic batteries of three at foot 
pairs of plates are generally emj^yed for electro-gilding ; but if 
the solution be heated to nearly the boiling point, a single pair 
will answer the purpose, for the hotter the solntioiL the less the 
battery-power required. 

The method of gilding, before the introduction of the elecbo- 
chemioal process, was extremely injurious to health. The gold 
was converted into a thin amalgam with mercuzy, which wtf 
brushed over the sur&ce of ihe article to be gilb The gold thn 
combined with the baser metal, and by a subsequent ezposoie to 
a strong heat, the mercury was dissipated and the gold remained 
The fumes of mercury disengaged during this c^peration prodnoed 
most pernicious effects notwithstanding the care taken to pte- 
vent it ; so much so, indeed, that the average lives of the woxk- 
men engaged in gilding by mercury do not exceed thirty-five 
rears. Electro-gilding is also prejudicial to health, though not 
to the same extent, and the operation should be conducted in a 
U>t\v well- ventilated room. 



CHAPTER V. 



ELECTRIC CLOCKS. 

■ppSratioli of electricitj ta indicate 1:iiDe — Bsin's ulf-uCing electric clsck— > 
[Qaaii of mikiiiE snd breaking contact — Ajipliistiosi of mschKnical power — The 
BBith butteij — Sliepherd'i electTD-mognPtic clock— Independcnte of Ihc pendn- 
huu, and its advantngea — iDitantuneoua indicatioQ of Greenwich time at distant 

cJaim to the invention of electric clocks faas liecn disputed 
e and by Mr. Bain ; bat whatever daim 
r "WLeatstone may have tn be the original designer of 
li ^ilication of electiic force, to Mr. Bain ia imqnestionably 
|B tiie merit of having brought it into practical operation. 
4a 1841, Mr. Bain, in conjunction -with Mr. Barwise, obtained 
snt for the application of electricity to the regulation and 
fvement of clocks. The invention at that time apeeified had 
"a principal object the movement of aeveral cloeka by cur- 
I of electricity, transmitted at regular intervals by the 
of a clock of the ordinary construction. The advantage 
d to be gained was, to maJte any nnmber of cloct-dials in 
targe eatabUdiment indicate exact time with one well-made 
jck, without requiring any impelling mechanical power. By 
pubaequent improvement of the invention, each dock was 
ide to move independently by electricity, without any assist- 
[ dock to regulate the transmission of the electric current 
le arrangement by which the independent regulated move- 
aaii is obtained will be understood by the annexed figure. 
T5je bob a, of the pendulum a b, consists of a hollow coil of 
d copjier wire. A hollow brass tube c c, about two inches 
■j passes through the coil, there being sufficient apace 
t fijr the coil to move to and fro without touching. Within 
s hollow tube, and on each side of it, are placed permanent 
X magnets, with their similar poles presented towards each other 
a distance of about four incbes apai-t For example, the mag- 
ita within the tube on the right hMid have their north poles 
csented to the coil, and those on the left hand have also t^ "~ 
"i poles presented to it When an dectnc cm 
a instantly magaetio i &< 
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.-». iii "ji^ 1 ^.'Qiii polarity, and 
' . ;ii^rr "ITie oi.^il is consequently 
:::.u»-:iii:cLv irtracted towards tk 
-li'i ". U.11 u« r»r filled by the magnfito 
11 "iir .rrri. i^ wh.e pendulum swiup 
11 ■iiiiz iiT'er.'dc'ii. Before arriving 
iw -ae ?!i«l :i iti^ vibration, the con: 
•.-Ti« c. -vi-'cL ihe voltaic batterv is 
'p-irQ ■:■ the action of the pendn* 
:im I'itL: . the maCTetie property 
L Tile -x-il instant Iv c^^ises. and it 
if5<;t:iL«L? by the forve of gravity, 
n jgcending the other arc of its 
•*n-id'.'n, contact is air^in made 
\-:ii the battery, and the electric 
■irrf E.t is sent through the coil, but 
:i :hr reverse direction : st:- that the 
■i-f: hand end of the eoii has south 
:» uiziry given to it, and the ri^t 
rrc^rmes the north pole. By this 
■.. i> imjielled towards the Itrft, and 
. :^ are thus maintained for an inde- 
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. • with the wii*es of the voltaic 

-^-.tioii of the t^k'Ctrio eiirivut, a 

- :.. side to side by the ]vii'iulum. 

> :. ends of the liollnw o-iil. ure 

A onx^^s piece of wikkI rixcU to 

. • :renii the light inoveaMt- imrae 

- >:.< W'ing gold wii'er>. luliii-l in 

- : sr«.dd, connected bv wirts to 

■*::iduluni vibrates tiiwunls the 

-.••■•:-i towards the right hantl. si) 

» -.< rest on the studs : by this 

; :::e voltaic biitterv, and an 

\T'.'U«:h the coil a. (.)u the 

. • . .".v.m the moveable fninit- i> 

: .:etric ciuTcnt is rt- versed, 

:. la- .hanged at each vibration 



, . -.v: ".•-■wer of a weight or spring 

. xp':uv1s, and the use of the 

^-. ■..!..■, the motion ; but in Mr. 

..,,.,... .V v.\o \)euduliun pi*oi>els the 



tile vibrBtions of the pendulum are applied to proiwl 
hands will be readily undt^retood on inapection of fig. 120. 
electro-magtiet, a, is fixed on the top of the clock, and an 
c current is sent thmugh the ooil on each vibration of the 
idnliun. Each time that the electro-maguct is put in action 
these transmiasions of electricity, the keeper b, to which 
: light jointed click- 



3 attached, 
I, ftud falls into 
h of the ratchet- 
E. When the con- 
n with the battery 
broken, on the fall of 
t pendulum, the lever 
jbroed back by the 
ga,t B, and thus nd- 
the wheel the 
of one tooth. A 
■til spring at the bot- 
n, L, keeps the wheel 
ody, ojid prevents it 
^ taming bbck during 
I next vibration ; and 
s arrangement, the 
cJiet-vheel is adTancod 
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Fig. ISO. 

i tooth by two swings of the pen- 



Thua, when the wheel contains thirty teeth, and the 

iduluni vibrates once a second, the wheel will make one com- 

te revolution every minute. That wheel will therefore con- 

the seconds wheel of the clock, and the minute and hour 

may be moved by it, in the same manner as in ordinaty 

The voltaic power emploved by Mr. Bain in working these 
!, consists of a, large plate of zinc, and a quantity of coke 
d in moist ground. 
At. Sain was the first who directed attention to the use that 
f be made of the moisture of the earth in exciting a very 
y current of voltaic electricity. In his earlier experiments 
hemployed a large plate of zinc and a corresponding plate of 
r ; but it was afterwards found that coke or charcoal, 
g which copper wires wei-e inti"oduccd to act as conductors, 
Bwered the purpose better, because a, larger surface ia thus 
aed to contact with tlie moisture. On making connection 
een the coke and the zinc, a cun^ent of electi-icity is eatalj- 
iied, wluch, though of veiy feeble iatenstty, is wj.'Sisiw.vSJi'i 
■" ' J to keep the pendulum of the eVwAAt c\(^i^^^^^> 
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depodted. In all the p ro e cMo s of electo»-mwti11m?gj^. -whtAm 
the^ ixmmt in the d^xMdtioDS of copper or of other loefaib fitm 
their flolutlonfly the same ohemioal actdoaui and rcectjom tiks 
pkoe ; the hydrogen in eveiy case effbota the depootioiL of the 
metal hy ccnnbining "with the oxygen vhioh holda the mehJ ia 
aolntion at one pole of Uie battery, after haymg been sopaiated 
from an eqnal particb of oj^gen at the poflitiTe p^ 13iaei% 
oonaeqiiently, throughout the prooeas a continual deoompoailiaa cf 
mAeac at one pole of the -voltaic batteEj, and a leoompoaitaoiL cf 
ezaotly the same quantity of water at the other pole. 

One of the simplest illustrations of metallic deposition by 
electro-chemical action is afforded by the IbUowing ea^MrimeDt 

Put a silver spoon a(%. 117),intoa^^a8Booii- 
taiimig a solution of ralphate of copper, and 
into the same fflass insert apieoe of linc^ x. Ho 
change -will te^e place in either metal ao kng 
as they are kept apart, but as aoon as they 
touch, copper will be depoflited on the iqpooD, 
and if it be allowed to remain, the part im- 
mersed will be completely coated with ooppa^ 
which will adhere so fimiy that mere mbfaing 
alone will not remove it The same efieet 
takes place, if instead of bringmg the metals 
into contact in the solution, they are con- 
Fig. 117. nected externally by the wire c. 
The foregoing experiment represents the electrotype prooesB 
as carried on in a single cell, the metal sur&uje whereon the copper 
is deposited then forming the conducting -plate of the vol^c 
arrangement by which the electricity is generated. It must be 
observed that, in this single-cell arrangement, the deposition 
takes place on the conducting-plate; whereas, when the opera- 
tion is condncted in a separate cell, it is on the plate connected 
with the zinc that the deposition occurs. In order to explain 
this apparent anomaly, let it be remembered that the metal is 
always deposited from its solution on the sur&ce into which the 
electric current enters, and that that is the negative pole of the 
battery. The electricity excited by the zinc passes tjirough the 
fluid and enters into the conducting-plate; therefore, when the 
deposition takes place in the same cell, the metal is deposited on 
that surface ; but when the electric current is transmitted through 
a wire into a separate cell, it then proceeds from the conducting- 
plate, that wire becomes the positive pole of the battery, and 
when introduced into the decomposing cell, the electric current 
passes from it to the metal surface connected with the other, or 
ne^^Ve pole, on which accoxdmg).y t\ya de^posAi^aSss^^^J^aRfe. 





ELECTROTYPE PB0CE9a 

Having, we tniat, made the ratimiaie of the electrotype process 
Dtelligible, it is only necessary to give a general explanation of the 
^odes of operating. Those who denire to pursue the'art practically 
iriU do well to consult the able and compendious treatises on 
tliis subject by Mr. Napier, Mr. Smee, and by Mr. C, V. Walker. 
The first application of the electrotype process was to the copy- 
ing of ancient coins and medals, and that continues to be the 
principal use to which it la applied by amateurs. To obtain a 
^US-simile of a medal, it is necessary in the first place to make a 
would, to serve as a matrix for the copper to be deposited upon. 
[ITiia may be done, when circumBtances will permit, by obttuning 
tm electrotype directly from the surface of the medaL To do 
"luB, the surface whereon the deposition is to take place must be 
rell cleaned, and afterwards smeared over with a minute quantity 
if sweet oil, or with hkick lead, which ia reqiusite to prevent the 
deposited copper from adhering. The thinnest possible film of 
'I should he allowed to remain, for even after the medal has 
been rubbed with dry cotton-wool, sufficient will adhere to effect 
BBparation from the deposit. It is evident tliat only one face of 
tiie medal can be copied at a time, therefore the side not to be 
fiperated on must be protected hy a covering of wax. The pre- 
|)aration of the medal is completed by twisting a fine wire 
rooud the edge for the purpose of suspending 
tt in the copper solution, and of connecting 
it with a piece of amalgamated one 

The decomposing apjiaratus may consist of 
ft huge preserve jar {fig. 118), to hold the solu- 
of sulphate of copper, and a porous 
I e placed within the jar to cont*an the 
Fill the porous vessel to within a few 
inches of the top with a mixture of sulphuric 
Und and water, in the proportion of one of 
wnd to twenty-four of water, taking care that 
l&vB Bolntion in the jar, and the acidulated water 
in the porous vessel, are nearly on the same 
lerel. The medal e suspended by the wire is 
.tiien immersed in the jar, and is connected 
Vith the zinc in the porous vessel by the wire ^ jj„ 

a fi, as shown in the diagnun. 

This arrangement may be considered as equiv^ent to a single 
flell of a Daniell's battciy, m which the medal represents the 
«onducting-])late. The electric action is established as soon as 
the anc and the copper nre immersed ; the deposition of the 
copper on the ineda l immediately begins, a.ni\\,\& "aaB.^i»vvei. 
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deposited copper will be about the thickness of a card, which is 
quite sufficient This coating of copper may be easily separated 
from the medal, and will be found an exact counterpart of it^ 
those parts in relief on the medal being of course presented as 
sunk in. The mould thus formed is then to be treated exactly 
as the medal was, and the copper will be deposited on it, so that 
when removed the electrotype will be a &c-simile of the medal, 
with the intaglio and relief corresponding with the original A 
mould of this kind will, with care, ser\-e to take many copiea 

A mould made by dejiositing the co]>per directly on the surfwe 
is more sharp in its det^iils than moulds taken by other means; 
but in many cases, es})ecially with ancient coins, the surfsu^ 
cannot be cleaned so as to allow of this mode being adopted, and 
other means of making the moulds must be found. Chie of the 
best plans is to make a cast of the original in fusible metal 
Tlie metal is melted and ix)ui*ed into a small wooden tray, and 
wlion cook\l into a semi-fluid state, the coin is suddenly pressed 
upon it and held down till the metal "sets." The i^isible metal 
is made by melting and mixing together tin, lead, and bismuth, 
in the pro}x>i"tions of two of the latter to one each of the former 
metals. This alloy melts at a temjx'rature below that of boiling 
water, thoi-cfore it atibnls great facility for removing the moulds 
from tlie dejxjsits in case they shoidd adhere. 

Wax, plaster of Paris, and gutta jiereha, are frequently em- 
ployed for making moulds, especially for large objects \Vhen 
siuli suljstances are used, it is necessary to cover their surfaces 
with IJaek lead, bi-onze j>owder, or other ccaiductors of electricity. 
The disco veiT that ])lunil)ago will imj^jirt a sufficiently gootl 
i\nuliu-tiiig suHace to objects that aix* otherwise incapable of 
r».A'eiving metallic deposits, has afforded grt^at facility in extend- 
iiiiT the eleotroty]>e process. Flowers, leaves, lace, and even 
i'.>x\-!s. may be thus coated with a thin pr*>tecting film of metal, 
w'ivh preserves their fomis accuratelv and dui*ablv. 

V wveiit valuable a]>nlication of the electix»t\ix* process is the 

.-. •..•.;: v^t" chiss and ea it hen ware vessels, which are thus rendered 

, ••■•.•:'; for the metallic coating quickly distributes the heat 

,. : x . \cr the surface, antl prevents them fix)m bivaking, as 

% •■■ .■^^ise would, by unei|ual ex|xmsion. The surface of 

•V ;\»i\vlaiu is tii-st i\niirhened by the fumes of hydro- 

.. :.. .iv..i then varnished and black leaded, to form an 

; ;••.• vv luiucting surface for the metiillic dejwsit. 

•.• '-vv-t delicate o|>erations of the art of electrotv]>ing 

. .v'-\ ■'.; vyp|HT-plate engi-avings. A cast is first made 

. . .' .'\ ol'.vuv-oUowvicAlAcUow^iwtW «ain<e manner as 
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1 ndief ; it ia requisite, tlierdbtv, to make n second deposit on 
iftt Hiir&ce to obtain a fac-simile witli the lines engraved, 
lothing shows more clearly the beauty of the eleutrotype pm- 
s than these tmusfors of copper-plate engravings. Ilii! fixivst 
es are most faithfully copitHl, and it is impossible tn ditttiuguish 
print taken from the electrotype fii>m the prooi impruaiiiou 
' the original. 

It w»a at one time expected that thia inode of multiplying 
[ipper-plftte engravings would su[)er8ede engraving on Bteul 
; but it haa been found in [irantice, tliat the ooppor do- 
d does not [Kfises suihcieat hardness to reaist the wiMr (uid 
r of copperplate printing. Thie objection may, howeviir, be 
«»me; and there were displayed in tlie Great Exhibition 
lete of copper deposited by electro-uhemicol ducom^ioiiitioD, 
t appeared to posaeBB the fimmexs of hammered platui. 
A. very succeeaful application of electro-metallurgy to tlin lino 
te is the process called glyphography. It consists in (hi|>oiiitiiig 
1 a plate of copper a design in i-elieF, that nmy \m priiilid from 
^ die letter-press. The sur&ce of the cii|>|>ur ]>luti: in uuiUid 
ri& wax, through which the JeHign in cut HuRculriitly iluuji to 
HqmBe the metaL This plate is then eleoti'utyixjd, au<l i^'ipjHtr in 
teposited in all the tines cut tlirough the cuiitiiig. f(y thin 
Beans there is left on the plat«, wjien the wax in ruuiovitl. 
(iperfect copy of the design in relief, w> lM>ld lui tii b« ririiitc4 
This ia, in fact, the ori^nal pruccw iriviTiitiul iiv Mr. 
er. The advantage it poHMCtweti uviir wiH>d-itiigmvmi{ la 
a tile fiicility of ahading by "croM halcliiiif;," lu it in IctuumJ, mi 
B to resemble an etching on copiwr pUtti, 

' The success or failure of thi; (;luctr>rty]Hi [irmiKMi (lnjHinili wry 
inch on the preparation of thii aipfmr nulutloii, himI oii t)i« 
Itength of the voltaic biitt45iy. A purfDvlly Mtunilwl mitil'mn 
Mit^ so well adapted (or thn |iuri>OM! lui Hudi a iiUili'ni ililutiwl 
rUh one-fourth ijnirt of wat«r. 'Ct jfrnvuiit it frowi WvxitlnM 
^^0 weak by the dejitmtion of irn'tHllic Kttfi\iiT, imi» irrjufMi* t4 
. e 8ulphal« an; addiM] iliiriiiK tl>i' iir'i'-iwa. 

t l&s. Smee d'-tmiiim^l tlw Uwn ti>r>t r"t(iilatM tlut iVi^mWt*% t4 
ietal« in difienvt ■tatfa. 'Ilu UriL)(t). of 't' \^,<.Uiy,u. ii\ul\i,n 
• the Btrmgtli of tiv mAuiuiu, •aiiu' 'I < >' 't 

r aa a bUdc jn/wdfv, rii k <ir*»t.iii 
. The ukBtals am Atv"^'* »' 
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Tex ^^dication of d«:fandl7 to Uk pnrpdtts of illumination vat 
bcon^t prominaitly into nolMe aitaOb o^t years since, and then 
pFomuM to beotnUe s mort vahiafale meMU of lighting streetB. 

Tiu) dectrio Uj^t proposed to be empWed, though introduced 
M a new diaooveiry, was nothing mora Uuii the previoudy well- 
known evolution of brilliant luminous tuys from charcoal points 
whfm exposed to the action of a powerfU voltaic batteiy. The 
light thua produced almost equals in brilliancy and purity that 
of the sun; ajid if means coold be found of regulating the 
action, eo as to insure steadiness and cco'taini;, it would prove a 
most useful source of illuminatioh. 

Mr. Stait, when proposing to ihaketlie electiib light availaU^ 
invented a voltaic battery, intended to act with great ateaJlnea, 
and he introduced arrangement for adjusting t^chiihxialpointt^ 
which improvements, it was thought, wonld overcome l^e diS- 
enlty; but thou^ he succeeded in maintaining the li^t for k 
short tiine, it could not be regulated with th6 steadlnete and 
certainty requisite for practical use. 

An ingenious contrivance by Jjr. Allfhau *Ba in the CMit 
Ibdubition, of a self-acting adjustihent of the ch&rcoal poihts, to 
that the distance apart might vaty iii proportion to die varia- 
tions in the power of the battery. We have not, boWv^, heUfA 
of any practical application of tliis inventioh ; and Ve f^at it hafe 
not been found to overcome the difEculfj. 

One of the most successful arnmeementfl t)ie wiMt^*A.ining 
steadiness in the light is one contrived bf M. DubmQ Of Faria 
The two carbons, as they shorten by the actioid of ue voltaie 
current, are brought nearer to each other, and h^ taeaut of a 
apring, the action of wbicb U T«^iittS«A\i^ 
the two pieces of carbon, aw a^M^«A V- 
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istance apart; the mecIianUin, however, is rather complitated, 
nd it fails to produce a steady light that can he depended upon 
ithout regwiation by frequent manipulation. 
An important objection to the application of the electric light, 
I an economical point of view, is the cost of generating the 
dectric force. It ha« been ascertained by e.xperimeat that the 
:pense of maintaining the requisite battery power would con- 
^erably exceed that of & quantity of gas that would yield aa 
Equivalent amount of light Thia otijtc-tion, though it might 
ffevent the electric light from coming into general use, would 
prevent its being applied in many cases where the question 
ost is an inferior consideration, could the constancy of the 
ight be depended on. 

The impediment to the perfection of the invention occaaioned 
vthe coBt of the exciting power, will probably be removed by the 
lecoveiy of some better and cheaper means of exciting voltaic 
lectricity than by the consumption of ^nc ; and in that case 
e electric light may become as common a source of artificial 
□mination as coal-gas is at the jiresent day. Even in the 
ipeifect state in which the invention now remains, the electric 
g^t might, with proper care and attontion, be applied with 
«at advantage to many lighthouses ou the coast 
The use to which the electric Light lias hitli^rto bc#n most 
icceeafully applied is to give iucriSLHed effect to acmic diiq^Jayi 
. theatr^ Some most beautiful exJiibitiouN of the electric 
^t have thus been made in wlJch the jiurity of the light in 
ntrast with that of gajt is atrikingly hhown. 
Some invfstigationii, by Profewor Wartmaiin i4 GaMva, fnto 
e applicability of the electric light, tend, indc^ to sbow that 
may be used to advantage mont gi'mrTBlly than «« have, ia 
e existing state of the inventiuit nod in tiui iniiicrlect am- 
Ition of the voitjuc IwttfTy. aMmnwl b> be jmctimblr. 
It is asserted by him tliat the Hglit nmiOtsii from » w»i^ fnr 
charcoal pointa oqual* that wf SItO Uufff) gM burff^n ; lutd tfc«t 
bcB a powerfiil voiUm eamnt i» tnuMUutlcd. Ux: efan w o*! 
inti may be introiaati at mnanl paftn ef tbe nmnC, ami 
na dMtf^Mte tbn ligbt 6nn mtfmntm fmiuU <uf lll»raiwtinii * 

n* apfheatiua ot afawtre wit n Mto iW *« a HMwiaf fo-nr 'm, 
B tllB clectm I%|tt,'iiiw< « watt^ Cur pnMioil f>w|iaMt, fwthtf 







- - luacii 




.::"• r made of soft ir 'i 
-.^■i -ii'-le to serve li.-^ kivi 

:;i::!iets are lixed in i] 
.-. ^' that the keejvi-s 
. .-.s :i each alternatelv. 



J "vi i>min»'»f*t«'«l T.»c^«. 




■magnet d, which consequently becomes magnetic i 

the lever. The instant l)eibre the keeper comes 1 

with the magnet, the cmimectiona are reveised, by thi 

piece n ehifting the sliding metal from its contact -with" 

st the opposite studs ; and by this meajis the magnet 

into action, and the lever ia attntcted towards it. In 

the lever may be kept in action for an indefiiiite_ 

The alternating movement may be converted into r 

by means of a crank, in the ordinary manner. 

BOme eleetro-magnetic engines rotary motion is conm 

.directly to a wheel, without the intervention of a crank, I _ 

I number of electro-magueta round the circle of rotatioa 

the periphery of the wheel, into which numerous pieces 

iron are inlaid. Each electro-magnet is brought into 

n succession by making and breaking contact with the, 

Itaic battery as the wheel revolves ; by this means there it 

continuous change in the points of atti'action round which t 

wheel is thus made to rotate. 

One cause why so Uttle power is obtained by electw^ 
Biagnetic engines of these constructions is tie limited sphw 
of electro-nmgnetic attraction. In the arrangement of tb. 
vibrating arm, for example, the tbrce with which the keeper J| 
attracted is very feeble until it approaches close to the m&gne^ 
when the magnetic action must necessarily cease. With a vis ' 
to overcome this objection, an arrangement has been contrive 
m which the attracting power of a hollow coil is employed, j 
model engine of this kind was placed in the Great Exhibitioi 
Ita mode of action will be understood by the annexed a 
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"rf an tiectro-magnet. Inride the coils two hollow cylinders of 
■bA tarn 1 i and e e are introduced. Two plungers, c d, formed 
-of wfl iron, are mounted on a balance lever, F. The ends of the 
'Mfh tt6 connected with (^ balance lever in such manner that 
-■k €Mah end rises and falls altematoly, it reverses the direction 
rf tbB voltaic current throxigh the coils, Bimilar to the arrange- 
BMBt ^own in fig. 1 24, and thus reverses the poles of magnetic 
■Mnetion. lu the poaition represented, the plunger D having 
r e ad ied the centre of the ooil, where there is no magnetic action, 
Hm difection of the electric current is reversed hj the le?er, 
MI^<i1b then attracted into tlie hollow coil a. The lever is thus 
•HmM.telj lifted up and down, like thft beam of a eteam engine^ 
lln torn hollow coila repreeenting the two cylinders. I 

S^Shis means of applying the fcirc« of induced magnetism the I 
-qihenof attraction is very much increased, especially when per> '' 
WMtoA steel magnets are used as plungers, for it then extends 
sear te the centre ; and as the attractive powM' in one of tie 
«als diminishes, the repelling power of the other is oorrespond- 
in^tr increased. We have not heard of any practical application, 
of ttfa form of eleotn>>magnetic engine ; but it is a new mode i 
of ^l^ying the force of electro-magnetism, which promises to be 1 
■ttsaoed with tavourable results. 

In the BttpnrtB (tf the JorieB f£ th« Oratt Wi^titM^ ^ 
d«otro-m^netio engine, iavraited by Mr. HjsrA of DcBmetk i> 
highly spoken of. It operatee on bbe same principls as tlis (BgiiM 
we have just noticed. It otmaistB <rf two sets <J hollow hn'w- 
' shoe electro-magnete, conical inside, with a eoFFeefranddag namber 
of solid electro-magnets, which, by mntuaUy attractiBg ead 
other, make & double stroke of four inches in length. The power 
has been found, by means of a spring-balance, to be aboat thirty 
pounds at the commencement of the stroke when the distance of 
the respective poles is ^mut half an inch, deoreaaiiig ali^tly by 
degrees as the piston enters into the hollow electro-magnet.* 
The Jury state, "we cannot help flattering onrselTee thi^ the 
attainment of this mysteiiouB motive force will soon be followed , 
by making it available for practical pnrpoees." 

BLASTING BOCKS. 

When a voltaic current is transmitted through a titick wire, it 
ia conducted so freely that tJiere is no sensihle increase of hea& 
But if a veiT thin wireT>e interposed in the circuit, the resist- 
ance thus offered to the electric current causes the erolutioa of 
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heat sofEcient to nmbe the wife ted hot. This heating property 
bt the voltaic current has been rendered available iii blasting 
Tocka. Thick wires from a voltaic battery contaicing a series of 
jilates of not less than fonr inches square are laid down to the 
Bpot where the explorion is to take place, and at that point the 
circuit of thick wire ia broken, and a short length of very fine 

E' Ifttinum wire ie introduced. The fine wire is usually inserted 
i a Cartridge of gunpowder, and it is covered over by the 
powder to be exploded. When everything is properly arranged 
tod all [>erBonshave retired to safe distances, the thick wiresare 
connected with the two poles of the battety, and the powder ia 
Eottantly exploded. 

This plan of blaating rocks ia more effectual and more freo 
frota dajiger than the ordinary method of igniting the powder 
hj a fuse, for it sonietimea happenn that the lighted fnee 
Communicates with the powder bt^ire the time calculated ; occa- 
tfonally also it hangs fire, and the men, supposing it to be 
exMngiiished, approach the mine and are killed by the unex- 
Jieoted esplosiou. 

The application of voltaic electricity to the purposes of 
A^loding large charges of powder was firat successfully made by 
Oololie! Pasly in blowing up the wreck of the Royal George, 
vbA it baa since been generally employed for submarine explo- 
*ioiul. The inoBt remarkable instance of this application of 
■electricity was the removal of an immense mass of the Round 
Down Cliff at Dover, on the 26th of January, 1843, The cliff 
*aa 375 feet above high-water mark ; and as a projeotion of it 
jirevented a direct line of the 8oHth-East«m Railway being 
taken to the mouth of the Shakespeare tunnel, it was resolved 
to remove the obstruction by biaating. Three different gal1erie6 
md three shafta connected with them were excavated in the 
ohalk rock. The length of the galleries was about 300 feet, and 
at the bottom of each shaft was a chamber eleven feet long, five 
^feet highj and four feet six inches wide. In these chnmbera 
18,000 pounds of gunpowder were placed in bags, with the 
iatouths open and loose powder scattered over them. The dis- 
tance of the charges from the face of the cliff was about seventy 
feet At the back of the cliff a wooden shed was constructed in 
which three voltaic batteries were arranged. Each combined 
"batteiy consisted of eighteen of Danieli's cells and two common 
l»tteriea of twenty pairs of plates each. To these batteries 
"Were connected thick wires, covered with cord to insulate them 
^frwn the ground. The wires -were laid upon the grass to the 
!^ of the cHff, and then falling over "A -wftve wwvvtA. \(s -Oa* 
"■ the neutral, and the western i;\iaioW!ift. Tae 



■perty B 
■ating ^1 
■iesof 1 



( 



APPLICATIONS OF ELECTBICTTT. 



riment &ti I 
Kjsed length 1 
powder vna I 



each 1,000 feet long, and it was ascertained by experiment 
the electric current was aufficieat to heat the interposed le 
of platmum wire at a distance of 2,300 feet. The powder 
divided into three charges, each one being exploded separately ' 
bj a distinct circuit, it being arranged that at the iostaDt the 
central charge was fired, the voltoio current ahould also he 
tranEmitted through the two other cirouita. Flags were fixed at 
various points on the i-liffa to warn people not to approach, and ■ 
on the top of the Round Down Oifi' a hurger &&g -was plantei^ 
towards which all eyes were directed as the time appointed foe 
the explosion approached. " At twenty-six niimites past two 
o'clock," as reported in the Times of the following day, " a low^ 
faint, indistinct, indescribable, moani ig, Bubterrauean rumbld 
was heard, and immediately afterward ) the bottom of the cliff' 
began to belly out, and then, almost simultaneously, about dOfr 
feet in breadth of the summit began gradually but rapidly \A 
win It. There was no roaring explosion, no bursting out of fil% 
no violent and crashing splitting of rocks, and, comparative^, 
speaking, very little smoke ; for a proceeding of mighty and I 
irrepressible force, it had little or nothing of the appearance of 
force. The rock seemed as if it had exchanged its solid for a 
fluid nature, for it glided like a sti-eam into the sea, which was 
at the distance of 100 yards, perhaps more, from its base." The 
top of the Round Down Cliff did not fall down on to the beach 
as might have been expected, but it deacended almost perpen- 
diculM-ly, retaining its former distinctive character at a lower 
level than the surrounding oliffi which it before overtopped. 
By this blast one million tons of chalk were r^Boved, which 
would have otherwise required twelve months* labour to cut 

EXPLOSION OF PIBB-DAUP IN HIHES. 

The same arrangement that is adopted for blasting rocks 
might be applied, with great effect, to diminish the loss of life 
occasioned by explosions of carburetted hydrogen gas in coal 
mines. It is the practice in many mines l^t are considered to 
be "fieiy," for a man to descend every morning, before the 
miners go to work, to ascertain whether the passages are in a 
safe condition. The duty of the " viewer" is to proceed to all 
the dangerous parts with a safety -lamp, and if he finds from the 
indications of the Same within the wire gauze that the atmo- 
sphere is infiammable, the miners are not allowed to descend until 
t^ditioaal meafts have been taken to -vefotaUte tba mina. This 
dut^ IB sometimes very aeg^csii.'A? ip«r&»tm»4, wift *»« -n^oBta 
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not anfreqnently accompany the viewer with iinproU<ete3 

The triable and lose of time of thie precatitionaiy esaminutioii 
md its HccompanyiDg danger might be saved, by igniting lucifer 
Iwitches. or other combustibles, by voltaic electricity ' 

a of tie mine- This might readily be done at a very trifling 
boet A. thick ina<ilat«d wire fixed to the side of the nhaft frnm 
le moutib of the pit to the farthest part of the woridngs, and 
titere attached to a copper plate immersed in a pool of waCtr, 
would serve to conduct the current of electricity, and the reUira 
cnirent might be completed by a similar plate of mebil buried 
A few feet deep in the moist earth near to the batteiy at Utt 
•^t's mouth. £y intercepting the thick wire 
■^rcuit in those parts usi^y most dangerous, 
And introdunng a short piece of very fine ]>la- 
tinom wire, heat sufficient would be evolved at 
those points, when the dnmit was completed 
ibrongh the battery, to ignite lucifer matches 
kid upoii the fine wires over night. By this 
ineajis the condition of the mine could be aaoer> 
lained in an instant, without personal eramina- 

^Hiere would of coorBe be objecticais raised 
to ftoy plan »> different from the usual lootiii^ 
tmf it appears Ui present an easy, safe, and 
practicable mode of t««ting the nfetj of ooal 
~ ' , which it would be advisable, at all 
iitotiy. 



SOUSDfSG THE SEA. 
In mma£agthewtAbj "the lead" at great 1 
h is ^fficntt to iPifrTfiiii exactly \ 
Oe we^« Mrikca the groiiDd. 
1^ ttmUifmite hm be^ inToded br | 
Ini far nmonog ife £SaiI^ by e 
i^/iag dntrical ^gaicf. We an not >w 
M dw Jarmtim h^ jK been liniiit a 

MT be dMinUe to oqAna tkc j 
■r^MKOMfiMaaUhMaatHWdf oBeofthe ^ 
I way* m wfca - - - - 
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MS iFFUKunm w wwhjihihi, 

hxd, M ihgy Me reprowpted tote m the i wi o duwl Ilnendf 
is insulated from the other put of the hook hy » pieee of wool 
atd A irircijy, mnnnntod with thn md n^ jiiMmpTs ftm ftje rf 
the ooils of en eleetro-magiiet on the daok of the idUp; ib 
wiie/ptoeeodsficoinavoltmhi^tteiytoirh]^ theothnrcni^ 
the oou of the eleotro-nii^inefc i« etteched, J^ tihifi ane agi 
mfloi it will- be peEoeiTod tiiat wlm the fmafm 9 wd c wm 
in contact the eleotaro-nmgiijet will beoom a^Kti^e; 9ai 4* 
keeper, as it is ftttractod* vm staike a hie]], or giro vt/tifm ja 
aaj ottier oonyenient way. ^bis woqld tife^ plfipe ee eofip 41 
the lead touched tiie growid, for its we4^ wonnld iben, osap tp 
<^penite against the action of tiie qpvmg in ^»*»|Hrg the tjv^ 
ends apart; and Ij this means the instet that the ^oitoaa WW 
reached would be made known. 

For the sake of showing the aetton :9iqre fjliaiif 1^ t«a 
wires aie repree^ited in the %iue as €0tiiehr smipiMi Vvk 
they mi|^t be both twisted togetiiflr roond w pramb-liBfl^ f$ 

ears woe taken to insokte them &P0& eadbi fi4i^ 
of gnttaperohaii 

DBTBBMIKIMO LOX<UniD£& 

Instantaneous communication from place to places bj means 
of electricity, has been applied to determine the longLtode. TIub 
was first done in America at great distances apart, and afterwards 
in this country; Professor Challis, of Cambridge Observatory, 
having undertaken a series of experiments^ in connection with 
the Royal Observatory at Greenwich, for that pmpose. The 
principle on which this application of electric force depends is 
very simple. A telegraphic wire was connected with the ob- 
servatory at each place, and the instant that the seconds-hand 
of the clock at Greenwich indicated a given time, a signal was 
transmitted through the telegraph wire, and the C^unbridge time 
was directly noted. The difference between the two affords the 
means of determining the longitude with great exactness, by 
showing how much sooner the sun comes to the meridian i^ 
Cambridge than at Greenwich. 

FIRE ALARMS. 

Electro-magnetism has been ingeniously applied to sound an 
alarum in case of fire. The action of the instrument depends on 
the well-known expansion of mercury by heat. The mercury is 
contained in a glass bulb aitnilftr to the bulb of a thermometer ; 
ADd when heated it rises up the tube and touches a wire which 
is connected with a voltaic \)aUery , wodi \ni^asS(^^i \sn&^ Vu^ 
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Ktion an electro-magnet A detent ia then withdrawn from a 

fiiook'Diecliamsm, and an alarum is thuH sounded whenever the 
i in which the therm ometer-inHtruraent is placed becomea 

Iieated much abore the ordinary temperature. 

In the aocompanying figure a rejiresents the glass bulb ; e c 

two short tubes comuiunicftt- 

iog with it, into which wires 
introduced. The bulb ia 

filled with mercury, and placed 

iu a vertical position, so that 

■when the mercury ia ejcpanded 

1^ heat it will liae in the tube 

wid touch the wire. The wire 

at ^e bottom is connected with 

the electro-magnet, and that 

at tiie top with the voltaic 

battery ; and in this manner 

the circuit is completed aa soon 

as the mercury becomes suffi- 
ciently expanded to rise as high 

as the wire c 

A thermo-electric alarum 

Blight at very trifling coat be 

■ placed in eveiy room of a house, otie voltaic battery and one loud 
' alarum being sufficient for all In hotels, and in all large estab- 

liahmenta, an apparatus of this kind would prove a great saie- 

guard, as it would be the means of giving wanting of danger 

before any indication of fire was otherwise pei-ceptible. 

TABLE-MOVING. 

Aa the aUeged phenoninita i>f table-moving, which have 
attracted much attention, have been attributed to electrical 
agency, it might be coniiiJiirMl ati omission in this work if the 
.Subject were not iioticoil. Wi> have no hesitation in asserting, 
ilhat it is absolutely iinpuwiibl" niich efiecte could be produced by 
Jhe known projiertim of iiluctrioity. Even admitting — which 
-»« are fitr from buiuj; iucliuisd to do — that electricity can be ex- 
cited by the unpositioii of hAJuLu, nnil tliat it could he so excited 
in unlimited ab<mdaDct', no ucnuinulation of electrical force 
could operate in such a mnnner on a aulid table placed upon the 
■floor. 

Let us considnr for a moment the physical circumstances 
necessary to product- llie simplest of the movements stated to 
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b*'-; APPLiiATioKF or rLEcmicrrr. 

jijU'M'ii'. •»' *-j»-r.-j' iii'v* tiiai. wa■^ evtr: ff^iieraT*=ft nr tiiv iii-wt 

tti'-'-u'rii'iL '»* til. snr'-'iuutiiiic m^'v-eauit- o"i»if*cT*. and hyiii^ ?e»:iiil- 
hii.ti. -i' lAijv ii»;iiT I*'l(iJ«-^ iiiH':*^ci intoL tbf- laijit. l^r- wicL efifrts 
«:••» *»*j»fv>».'iii-»?c X'. T>*- **2:iiiiirL*rL : and 'Wir art- t-uid xiiar ifc'iue? 
lli'^^• viiiiMiii liiy ]i"*'vj'iu»' miiiiif*f!5tatioL nz zm- nrdmarr Tibe- 
ii'»iij<-ut. 'J*. ►'j»?«rvri'ji*. tturu'-tj'tii. It if bis<' irpeconeiiabit- irhii 
aL III*: iiii'.'vi. a'.r*,i'»iif. ^if' Ktuij'.- ♦•j**ctriciTT. t-c- fqiTnw>s»t- •uihT n 
tAnii'.' 'Jt a'.-'.*uiiii.ii:v.'d 11 truauiirr and iui-ensiTT ol oticL tu iis- 

- ■ ■ 

aiitnir'.'ai'.'i. '.»^ tijf- fi'»or. aj* iii*- ii*:ai'*:T c»bi**PL. "wouid rrreaTL'T fmn*-* 
iliat '.if tii»r o*-i.;J!c. aiid voiijd xLer*ff»re ii^iid tLt- Ti.ljjf nj^rr 
iij-!ijjy t'.i \.Lt- ^f'.»i»ud. iuKwsad ''•f liftini: rr up. 

Jf. i3i;iaJij. vojudc *:l*jctriciTy be tL*- a««Timf d iur«Dt. tbf diSiTL- 
ti»^.- nj^f no l•::•8^ iiiKuriLi'»iLij table. AiiThCTdTe jKri-wsr it iiikx ch^ 
<yju\fi oiiJv }j*^ o^JUiJishd bv inducinsr masiiTOsin- "We musr sni- 
j»iiH. tLei"elbj*»r- the *;xl>^^u(:k of w»me uDdisoovfred I'r-.'.ierrr. 
wLich ':au JJiij^tart maguetiKii] Vj vrxii aiid i^ ofa liable c»f tTtntf^- 
iii;^ otliej- ^'JijjJlai- Undies. But even h-'imirring al] tlds. a eanHe 
would rtjJJ y^-, waijtJii^ to acrxjTiDt fc»r the macneTizt^d xaVje 
)->eijijr ii*X,r<u(iuA t^j tlie more distant ceiling, instead of to The 



J J J ad d i I ] o J J f/> 1 1 J OM? i jj ve ij t J oiis w . h are des'^rilie-l. T :.♦: iv^ aiv 
ijuiij<froij> otlj«^r aj;pJj':ation:-? of e]<r<:tncity : s-ime ■.•f vhioh. L'V- 
«rv<'!-, Hin of JitiJ<; pi-i/ni'^iiJ uiility. and in other case? the ]»ra:ti- 
i:abiJJly of iJje apj>lj cations of the force Ls x*»*'j quesri-.-iiablc to 
rcudcr it n'/jiiihit<i U) \!\\'tt special de.scTi|»tit»iis. AmoDii the 
variety of olj>j<'A-t^i \/> wljich el*K;tricity has }:»eeii applied may K' 
lueulioiK-d a means of in<'asiiriij;r the velocitv of caiinoii Udls. 
and of other nipidly niovinj{ Jx^dies ; a mode of f»erforiiniii: on 
niusiral instruments; the detection of the frauds of omuihus- 
roudnctors ; and a plan for catching wliales. The last-nanunl 
invention w*; iiave oidy rc?cently srion noticed, and if fejisiblo, it 
will rci-tai n ly aflbrd ^rcat ad van tiige to the arctic fishermen. Tlie 
hiir'poun is l,o b<; conn<Hric(l by a wire to a voltaic batteiy, ami 
tin- instant it strikers a whale it is to communicate a stunning 
hIhm'U that will r«'ndc,r th<^ cTeatun; powerless. 

It is impossihic to <M»ncciv(! limits to the extent to which eloc- 
Irii- \\\vvi\ nniy \m* ajiplied by the ingenuity of man as piYJgress 
ciMiliniirs to Im^ iiuhIc in tlic^ science, and especially when more 
'iu'ile ijieMiods of j;ei\evvvtu\\:^ electricity are discovered. Its im- 
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portanoe as a meuiB of tnaamttrng inteUigenoe is beoomiDg 
dailj more appreciated ; and when, the electric tele^;rapli has 
reoeiTed the imprcrremeiLtB of which it is already capable, it will 
become a general means of oorreeponde&oe. The aiber object to 
w^hich we look forward at present as most likely to effect impor- 
tant changes in the social condition of mankind is, tlie application 
of electrioty as a moving power. The practical part of tiie science 
is not yet aofficienlly advanced to enable us to expect an early 
approach of tliis event ; but we feel assured that not many years; 
^^^11 have passed before means will be found of employing elec- 
tric force with great advantage f<:»r that purpctse ; and when that 
time arrives, changes will be effected in the means and dualities 
of locomotion, as great as any that have been introduced by the 
power of steam. 




ELEcrmcAL APPARATUS. 



As it firequently Lappena tliat the student of electricity fails to 
manage even the eimpleBt forms of apparatus from the want of 
practical knowledge, it haa been thought desdrahle to append to 
thiti treatise on electric science, some plain directions that may 
assist in removing the difficulty. 

In experimenta with frictional eleotrioity, the principal can« 
of failure arises irom the deposition of moisture ft'om the atmo- 
sphere, which prevents electrical excitement by rendering tho 
Hurfiices of electrics imperfect conductflra. Too much attention 
cannot, therefore, be paid to making every part of the apparatus, 
especially the rabbers, perfectly dry. In a damp state of the 
atmosphere it is almost impossible, even with the utmoat eiaf, 
to produce effecte that may he readily obtained in clear froalj 
weather; and it becomes then more neoessajy to have all parts of 
the apparatus warm, as well as dry, to prevent the moisture in the 
air from condensing upon them. The moisture arising from ihc 
respiration of several persona in a room, and from the huming 
of candles or gas, is also very prejudicial to the excitement of 
dectricity; consequently, when many persons are present aoJ 
the room is well lighted, it is desirable to keep the apparatns 
near a Are till the moment it is required for use. At aU iioKS 
breathing on the rubber or glass should be avoided. 

In the primary experiment of exciting a glass rod by fridaon 
with a silk nibber, care should be taken to have several folds «f 
silk between the hand and the glass, otherwise the moisture of 
the hand will penetrate the silk and obstruct the excitement of 
electricity, and a portion of that which is excited will escape 
through the thin ail If to the hand. A flannel pad covered with 
silk will be found moat efiicacious. Spread some amalgam, or, 
what is better, a little aurum musiwrn, upon it, and then, after 
holding the rubber and the glass rod to the fire for a short time, 
give the rod three or four brisk movements upon the rubber, to 
and ft« from end to end, and there will not feil to be a copi- 
V^ufl eKcitement o£ «\acti:ic e^ax^ &ud flashes, aoeompaaiod 1$ 



5, aiising from the el«^dty darting i 

' e edge of the rubber to the left haud- 
oent with a downy feather and an excited ghuis 
i) frequently fails in damp weather, in consequence 
i fibres parting with the electricity to the Hur- 
[. conseqnently the feather does not become Buffi- 
i with positive electricity to fly off from the rod 
Qly better, on this account, to substitute a strip of 
IT copper leaf for a feather. 

Qg fjie electrical mnchine, place it a short distance 
i, remove the dust, and -with a iby warm silk hand- 
) the insulating glaAS pillurs. Then apply a little 
k ihe rubber, by spreading it on with a blunt knife, 
IT press lightly on tbe cylinder by adjusting the 
I ibe macliiiie should be in good working order. 
1 machine has been in use several times, email 
B collect on the glass, which should be scraped otl', 

Q of the instrument will be im|«ured. 
» machine is in brisk action, there will lie little 
g experimentB illustrative of the pheno- 
ioo&l electricity with the -various kinds of appa- 
''le foregoing pages, the principal requisites 
e parte diy and warm. 
ment with the glass tumbler and pith balls (page 
ace of the table is much waxed or is French 
e non-conducting Hurfuces may diininiah the brisk- 
^ion, because the connection with the earth is 
d imperfect It is advisable, therefore, to spread 
'1 on the table to rest the glass upon ; for by thus 
. „5 conducting auifuce in contact with the table 
B better conduction between the pith balls and the 
'filioate experimente, indeed, it ia desirable to have a 
lie connection with the earth, by joining a wire from 
ts to the gaa fittings of the room, if there be any, or 
itej for the carpet or wooden floor will obstruct 
f electricity when it possesses a low degree of 

E a shock, the Leyden jar should rest on the table 

Miged, and the person to whom the shock is to be 

i isold in each hand a piece of metal— a metal spoon, 

-with which he should first touch the outside 

Ifibe JBJ-, and then the knob. It is better to avoid 

1 of the jar with the hand, because there ia some 

|9 being knocked down by fbe couvuN&we ias«w^^ 

When several persons are to Twevve " 



Sw muGAnoM otf 

togetber, Okuj Aaald tnke hdd ci hasad^ wdA Hie two Mbbamit 
should toneh tlia jar, itiSdogcne flai tiie ontaideof thei jirir 
tonehed bdioire the knoih. If it be jmiuir e J to M»d 4 AMk 
thzon^ anj paiticolar pert of the body; tiie end cf * dninor 
inre tiiat is oonxiected with the oatskie of iiie ^^ 
be applied to one pointy end aknob of the insalsling dacii a igii i g 
rod {fig. 32) to the other; and brtlien bringing the duidmgBrio 
the knob of the jar, it wSk be diaehazged thioa^ the part 
of the body which ia thus intopoeed between the diaohaigii^ 
rod and the chain. 

Oaiie should be taken not to ghre a sho^ so powafbl astolie 
painfully nnpleaaanl Throe or four turns of the handle of a 
small electrical machine will aoconralate as nraeii eleetiieilyn 
a Leyden jar as most persons will like to reoei^ei. 

The experiment in which a second Leyden jar la chaiged hf 
Ibe OYeiflow of the electricity fiom the first ^"^ ^^ miy lie 
easily performed with two jars only, idiioli wiu mow tibe efiM 
nearly as weU as three. The jar tluit is receiving its ciuurgefiEQn 
the prime conductor being moonted on an insnlating stattd, hdd 
the knob of the second jar near to the oatnde eoatiog ci tie 
first, and a stream of qm]^ will priusB between them. !§otilijart 
will thus be charged with positiye electricity^ and the second one, 
which receiTes all its electriciiy from the outside of the first, will 
be equally charged with the one that is connected with the prime 
conductor. 

In performing experiments with the electrical battery, or with 
a large Levden jar, caution will be required to avoid receiving 
an accidental shock ; for though Franklin thought there was no 
danger in sending a powerful charge through the head, a shock 
of that kind might produce disagreeable consequences. It is 
alwaj-s desirable to apply the discharging rod to the battery a 
second time to disperse the residual charge, which wonld often 
give an unpleasant shock. 

In experiments with voltaic apparatus the state of the atmo- 
sphei-e is immaterial, nor is much attention necessary to insula- 
tion ; the principal care required being to make perfect coimec- 
tions between the apparatus. The corrosion of the wires or the 
collection of dirt or grease on the imited parts, will obstruct 
the action of the voltaic battery, and endanger the success of the 
experiments. The necessity for perfect connection arises from 
the low degree of tension of voltaic electricity, which has not 
energy sufficient to force itself through the thinest film of non- 
conducting substance. It is desirable, therefore, to have always 
Ht hand an oJd knife, to scrape ^e enAa oi >i>aft Va«&\stiv5^\^oTe 
connecting them to tbe binding act€r?ro, or \rw\fi\A^~ *^'-^\o^^eBKt, 
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For experiments in electro-magnetisnu or for allowing tho 
heating effects of voltaic electricity ou a siiihII 8^'ale, or for tlie 
demonstration of secondary ciinvnts, a Suuv s l>attoiy will U» 
found most convenient and maiiageablo. A single ivll, ^\»usd8tiug 
of a pint jar, will be sufficient for sliowiug the aotii>u i>f ohvtn.*- 
magnetism, and the common intensity ortW'ts of tho sei\uular\' 
current. When more power is reqiiireii, a lottery ^\»nsistiiig of 
twelve iiairs of zinc and platinized silver platt^ attaoluil to a 
board, so that they may be together lowonil iiit^i tho oxoitiug 
liquid or raised out of it by tiuniiig a liaudlo at one oiul, is very 
convenient. Sulphuric acid tlUutoil with twelve tiuios its Vi»luuio 
of water, makes a strong exciter : but for most jnirjKxst^s, a laz-gor 
proportion of water, say 30 to 1 of aoid, is moro advisable, lor 
there is then less waste of zinc bv local action. For oxhibitiuir 
the more powerful effects of voltaic electricity, largor j»latos iu 
greater niunbers shoidd be employed, and a serios of tvlls of 
Daniell's battery will be found less ci^ly iu the tirst iustauw 
than Smee's. The nitric acid battery of Mr. Grove's arraiigt'^ 
ment is more powerful than either: but the evolution of tlio 
fumes of nitrous gas makes that battery objectionable when tho 
experiments are not performed in a laboratory fitted with suitable 
convenience for its use. ' 

In using a Smee's battery it is requisite to observe that tlio 
screws of the clamps that bind the zinc plates together tire tiijht, 
and care shoidd be taken that the platinized foil between the 
two zincs do not touch them, as sometimes happens. 

When there is an evolution of gas in the cells at the time tho 
battery connection is broken, it is a prof>f of local action, which 
wastes the zinc, and to prevent it the plates should be aniiUir^i- 
mated. This is easily done with a Srnwj's battery, by unsci-ewiiii^ 
the plates and removing them, and then sprinkling a few tln^ii 
of mercury over their surfacfuH, which may \)e rubbed with a 
cork or piece of cloth. Tlif; Ioohc, globules of mercury should 
be wiped off before the zinc plat^fis arf; jigain screwefl toorether; 
care being taken that none of thf^ nierrniry t^)uchea the platinizetl 
silver. 

In using a Daniell's UitUij, Mie W)lijtion of sulphate of copper 
should be maintainf;<l in a. sfi.t.iirat.f^r] stat-f; by keeping crvstals 
of the salt in the oiit^T c^-lls, fi.rKl fhf^ inner pfyroun cells, which 
contain the aciflnlat^'/l lifpiiH r)r w»Int.ion of salt, to excite the 
zinc, should l)e rinwrl out. with w«rin wat^fT fifU'r Un'ng used, as 
they are liaVJe t/» ^K• e logged up J.y thfi oxide of zinc. 

In arranging a tv^r'u^ r.f ji|nt.os« t'O form a combined battery, 
ihe zincs HTtr} Of fjfjtf^rn rniiHt. bo plo((v(\ h\U^a\5^UA^ \ cttttv\5^T5L<oa^ 
with a zinc phi-U* in cnn riA], nud a (.'<v\»^i^ \i\ \\\^ TkKi^*, "m^^ 
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there ia a copper and a zinc in each. Scaut of tie 
touch ia the celts ; it is hIho neceasury to observe 
sot any ctie of the plates is defective or more corroded 
tlM M^ fiir it must be borne in mind that the quantity of 
nlMrtluitj mm&ted by the combined batteiy will be propor- 
tinato to HBB <i*«,ntity genemted by the least operative plalea 
t€ thn Maioi The voltaic battery ia, in this respect, like a 
oluun, KOT Bn^ link of which being defective, the whole will 
lie flqaally ireak, how strong soever the other links may be 
■apantdy. "Want of attention to this fa«t frequently reudera a 
wwmingly poirarful voltaic arrangement ineffective. 

Wlien toe hrttery is in good action, there will eeldom be any 
cbfimilty in petfoiming experiments with voltaic electricity, 
provided tbo ooiuiecting wires and binding screwx are clean avd 
▼611 suited together. Particular attention should be paid to 
thoM pointB, u the otoae <tf &ihm i» most fteviuatiy owing -« 
in^ienbot oonneotionB. Bnrai the laoqnwinriBb om nenr i^fiik 
nrttu is quite miffioient to intamqit tfi« voHnifi vamgA, w 
efbm canaee much aniu^wtoe; it ihonld Huxttam be eon^ped off 
fean all otmneoting paxta. The endi of the Kmiing eraewB, tai 
the thnndi of the aorewB m&y sleo teqnixe to htm the hapia 
that wonetimeB corera them cleared awaj^ 

It is impoamble to foresee oli the difiGcoIties that may aiiae to 
the stndent in perfbnning experiments ; but it is hoped that atten- 
tion to the directions we have here given, in addition to thoee 
in other parts of this volume, will enable him to overcome most 
of the obstacles that are usually encountered in first attempto, 
and after a little practical experience in the use of apparatus, 
be will pursue his lavestigations with increasing interest and 
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